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A COMPARISON OF STRIP AND QUADRAT 
ANALYSES OF THE WOODY PLANTS ON 
A CENTRAL INDIANA RIVER BLUFF 


By STantey A. Catn, Ray C. FRIESNER AND JOHN E. PotzGER 


This report is concerned with the distribution of woody plants on 
certain river hills in central Indiana. The location is in the vicinity of 
Blue Bluffs on White river in Morgan county. Most hills, and par- 
ticularly river hills of a hundred or more feet in height, show certain 
obvious differences in the woody plants at the top and the bottom. 
The relative abundance and evenness of distribution of different 
species, however, is hard to ascertain by ordinary observation, hence 
various methods of sampling are used to determine more exactly what 
are the distributional relationships of various species. Strip and sample 
plot methods of timber estimation have long been in use by the for- 
esters and lumbermen, and out of their methods have grown certain 
practices of the ecologist. In these studies there has been an effort to 
compare two methods of statistical analysis of vegetation, (1) sampling 
by line transects, and (2) sampling by quadrats, or regularly dis- 
tributed squares. 

In the first attempt to determine accurately the distribution of woody 
species on these river hills, the strip or transect method was used and 
found to be rapid and easy. The results are interesting and indicative 
of the conditions of the vegetation, but are not completely satisfactory. 
The second analysis was made on a basis of quadrats and was found 
to give more accurate results, but occasioned more work. 

If we assume that floristic differences, even of small degree, have 
ecological significance, then it would seem that a careful statistical 
analysis of vegetation becomes one of the problems of first importance 
in an ecological investigation. In a recent discussion of methods in 
the floristic study of vegetation, Nichols (4) remarks: “If there is any 
one set of facts which is more susceptible to direct study and exact 
characterization than any other, it is the floristic composition of the 
vegetation.” As the casual observer may notice, there are flood plain, 


slope and ridge types of timber, and it is readily apparent that the 
157 


moisture and exposure conditions are different at the bottom and the 
top of a bluff. But, as a special technique is required to ascertain 
the quantitative differences in soil moisture, soil structure, evaporation, 
humidity, ete., and to interpret them, so, too, certain technique is neces- 
sary quantitatively to determine the presence and distribution of critical 
or important species in the vegetation. For the student of plant com- 
munities, an inadequate description of the floristic composition of the 
vegetation is as bad as a species description for a taxonomist which 
would say that a flower was large, or-larger, but not how large! Since 
river hills present abruptly changing habitat differences, they present 
good plant communities for analysis. A changing habitat means a chang- 
ing floristic composition of the plant community, and vice versa, so that 
certain species, at least, we recognize as having considerable ecological 
significance, while every species must have a certain ecological “equa- 
tion.” In the excellent statement of Nichols, previously quoted, we 
read: ‘In general, there can be little question that every species of 
plant possesses not only a certain more or less definite taxonomic iden- 
tity, but also a more or less definite ecological individuality. This being 
true, it follows, as the logical corollary, that any resemblances or differ- 
ences in the floristic composition of plant communities may be of 
ecological as well as of taxonomic import.” 

In the following text the strip transect study will be presented first, 
and then the analysis by use of quadrats. 


STRIP TRANSECT STUDY 


A strip was laid out, starting at the bank of White river (West fork), 
running directly to the top of Rock Hill, a distance of 650 feet in a 
southwest direction. The immediate river bank has a slope of 25 de- 
grees, followed by a gentle slope of about 5 degrees for 75 feet, from 
which flood plain the bluff rises at slopes varying from 15 to 30 degrees 
from the horizontal, the steepest part being near the summit. At the 
top of the bluff the transect strip turned 45 degrees to the west and 
descended into a ravine, a distance of 775 feet. The slope of this por- 
tion of the line is generally less steep than that on the side of the river 


-bluff, much of it being from 10 to 20 degrees. The line then continued 
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west from the ravine upward for a distance of 500 feet to the top of 
Blue Bluffs, at a slope of from 14 to 28 degrees. The total length of 
the line is 1,925 feet, while the top of the bluff is 285 feet above the 
river. 

The data were gathered in the following manner: For an entirely 
separate purpose of hydrogen-ion studies of the soil, soil samples were 
taken at intervals of twenty-five feet along the line.’ At each station 
where a soil sample was taken, a list was made of the trees and shrubs 
growing within the twenty-five-foot strip. The result was a large num- 
ber of lists of species representing the succession of plants as they were 
encountered from the river valley to the top of the river hills, or from 
the top down, according to the line. 

The direction of the line was controlled by compass, and the angle 
of slope was determined by use of an Abney Hand-Level. In handling 
these lists of species, it was decided to divide the lists according to 
altitudinal zones. This was accomplished by plotting on paper the 
length and angle of slope of the various segments of the line. On this 
contour of the hills studied were located the positions of the various 
soil sample stations and the lists of species accompanying them. Five 
zones were selected arbitrarily, which represent the five columns in 
Table I. From the river up they are each fifty feet in altitude, except 
the hilltop zone, which is slightly over. By thus dividing the strip into 
horizontal zones, it was possible to determine which stations occurred 
in each zone and, consequently, which species occurred in each zone. 
The results are presented in Table I. 

The percentages given in Table I are not based on the total number 
of stations (and lists of species) along the whole line, but on the num- 
ber of such stations occurring in the strip within each altitudinal zone 
above the river. Although the stations are evenly spaced in the line, 
the regions of the slopes which are more gradual will have more sta- 
tions within the fifty-foot rise than those regions which are steeper. 
Thus we find 10 stations in the hilltop zone, and 13, 18, 20 and 16 
stations consecutively in the zones down to the one immediately above 
the river level. The percentage occurrence of a species within a zone 
depends then upon the number of times it occurred in the separate 


1See the following paper, page 172. 
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DISTRIBUTION AND FREQUENCY OF SPECIES FROM 


SPECIES 


TABLE I 


RIVER-BLUFF —TRANSECTS 


Percentage Occurrence Based on Altitude Classes 
(Height in feet above the river) 


200-285 150-200 100-150 


Gaylussacia baccata ......-......-... 10 = 

Populus grandidentata -... 50 8 

WacCcini ume vaGtl lames eeeee see 20 15 Ae 
PACEr SUMIDIFUT ee ee 50 38 11 
IN GETE ISAC Ma EU il ene eee eee 20 54 15 
Garrycieia Db al.asec eee ee ee ee 10 31 38 
(arya eOv alae a. eet oe ee 20 38 22 
Cornus HorGdape = ly) 46 38 
Fraxinus lanceolata -................. 30 8 15 
Hydrangea arborescens ..... el, 23: 11 
Nyssa sylvatica —......-----..-..- 10 8 5 
Ostiy aie vane ian ee een 60 61 60 
Ocercusiialbais. ee = 10 46 60 
Quercus) rubra) 70 77 55 
Sassafras variifolium 60 62 60 


Vitis labrusca........._.. 
Carya cordiformis -. 
Quercus velutina 
Fagus grandifolia 


Sambucus canadensis 


Fraxinus americana 


Fraxinus pennsylvanicum _.2.... _... ae i 


IMorussrubranes ee 
Platanus occidentalis 
Juglans cinerea ...... 
Cormmusispir es ee 


Wimussaimencana 22s eee eee 2 5 


Prunus serotina 
Ribes cynosbati 


Liriodendron tulipifera 
Wilnause tulva 


Rubus allegheniensis 


Carpinus caroliniana 


Cercis canadensis 


Rubus occidentalis _. 


Acer negundo .......... 
Acer saccharinum 
Benzoin estivale 
Celastrus scandens 
Crategus sp? 
Fraxinus nigra ........ 
Gleditsia triacanthos 
Juglans nigra ......... 
Pyrus coronaria 
Smilax glauca 
Number of station 

height (total 77) 


s at each 


Number of species at each 


height (total 45) 


50-100 


20 


24 


0-50 


DADADAGDAQA 


a 
a 


oo 
oS 


lists for the stations in each zone. Thus, in the hilltop section there 
are ten stations and Populus grandidentata’ occurs in five of them, 
having a percentage, as listed, of 50 per cent; and so on through the 
whole table. 

The number of species in each of the zones increases steadily from 
the top of the hills to the level of the river plain as follows: 15, 18, 23, 
24 and 34, consecutively, in the five zones. It may be reasoned that 
the increase in number of species, or general richness of the flora, 
lower down may only be apparent and not real, since the number of 
stations is greater than at the top. The ratios between the number 
of stations and the number of species substantiate this argument except 
in the lowest zone, where the undoubted greater floristic richness is 
revealed in the presence of thirty-four species. 

The distribution in the intermediate zones of the various species we 
must consider more a matter of chance, but there are certain species 
whose ecological characteristics are so marked that we may consider 
them as “hilltop” or “flood plain” species. For example, Gaylussacia 
baccata is confined to the top zone, while Vaccinium vacillans and 
Populus grandidentata are confined to the upper two zones. In some 
other work on the distribution of species (in relation to soil acidity 
and topography), Cain and Friesner (2) have called attention to the 
presence of these species and others on ridge tops and upper slopes, 
where they are considered “xerophytic-acid-boreal relics.” In the lower 
flood plain zone there are twelve species which were not encountered 
elsewhere in this strip transect. Since the lower zone included more 
than the flood plain proper, it is not to be expected that these twelve 
species are strictly peculiar to the lower altitude. As a matter of fact, 
the strip transect fails to reveal the truly flood plain species as such, 
although one familiar with the trees of the region would know that 
of the twelve species, Gleditsia triacanthos, Fraxinus nigra, Acer sac- 
charinum and Acer negundo are primarily flood plain and river bottom 
species. Two other species are worthy of note in this connection. 
Ulmus fulva and Platanus occidentalis are essentially flood plain species, 
although they frequently occur on lower slopes as here encountered. 

Twelve species occur at all heights on these river hills from the bot- 
tom to the top of the ridges. They are Acer rubrum, Acer saccharum, 
Carya alba, Carya ovata, Cornus florida, Fraxinus lanceolata, Hy- 


1Nomenclature after Gray’s Manual, 7th Ed. 
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drangea arborescens, Nyssa sylvatica, Ostrya virginiana, Quercus alba, 
Quercus rubra and Sassafras variifolium. If we add to this list Fagus 
grandifolia, which occurred in all zones but the top, the list includes 
the most important woody species of the upland forest. In the par- 
ticular region under study, the most characteristic species is Quercus 
rubra, ranging from the top of the hills to the bottom with the following 
high percentages: 70, 77, 55, 60 and SO per cent, respectively. 

Oak-hickory development is dominant here and in many places in. 
Morgan county, but, given physiographic stability and freedom from 
the ax, the beech-maple climax will develop over the vast second- 
growth areas, as evidenced by many stands of almost pure beech-maple 
on a wide range of soils and slopes in the region. Most conspicuous 
among the small under-trees are Ostrya virginiana and Sassafras varii- 
folium, each with a frequency of 50 per cent or over throughout the 
strip transect. 

Of the twelve species ranging from the top to the bottom of the river 
hills, some occur with greater frequency on the lower slopes and some 
on the upper slopes. For example, Acer saccharum, as is true of its 
codominant, Fagus grandifolia, has a frequency of 20 per cent at the 
top and 75 per cent at the bottom of the hills. Other species show a 
greater tendency towards a higher frequency at the top of the hills, as 
Acer rubrum, with 50 per cent at the top and 19 per cent at the bot- 
tom. Still others are more common away from the extremes of the 
ridge tops and the flood plain, as Quercus alba, with percentages as 
follows: 10, 46, 60, 45, 19, respectively. As already suggested, floristic 
differences such as these are indicative of environmental differences, 
since species have more or less characteristic ecological requirements. The 
hilltops are considerably more xerophytic than the lower slopes and the 
flood plain; evaporation is greater as a result of higher temperatures 
and increased wind movement, while the soil is conspicuously better 
drained and, in the dry summer periods, becomes dry and crusted. In 
contrast, the flood plain is essentially hydrophytic, while the middle 
slopes represent more nearly the average mesophytism of the region, 
without the more extreme physiographic influences. 

In conclusion, the strip method can be shown to have certain advan- 
tages. First, the data can be easily and rapidly obtained. The present 
transect was laid out in two short working days and the lists of species 


completed. Prerequisite, of course, is a familiarity with the species 
162 


encountered in such a survey, otherwise the time requirement would be 
greater. Secondly, the result of such a survey gives a considerably 
more definite idea of the vertical distribution of the woody species on 
the river hills than could be obtained by unaided observation. 


QUADRAT STUDY 


When an attempt was made to determine the frequency of individual 
species in the woodland from the percentages derived by the strip 
transect studies (in the strict usage of the term “frequency”), it was 
found that the data were inadequate, although the strip was equivalent 
to about seventy-seven quadrats, twenty-five feet on a side, laid out in a 
line. Consequently, it was decided to go into the field again and collect 
data from the same region by the use of regularly spaced quadrats (or 
sample squares), for purposes of comparison with the strip transect 
method and to obtain true “frequency” data. The river hills were 
again divided into zones on a basis of height above the river. Seven 
zones were selected. The lowest flood plain zone ranged from the river 
level to fifteen feet above, while the second zone was from fifteen to 
fifty feet above the river. The first zone includes the flood plain proper. 
This subdivision separates the lower slope from the true flood plain, 
which was not the case in the first study. The other zones were fifty 
feet in height, except the top one, which was only fifteen feet in height. 
In each of these seven zones ten quadrats were laid out which were 
fifty feet on a side and regularly spaced from one another. In each of 
these quadrats (seventy in all) the total woody flora was listed. The 
results of this survey are presented in Table II. 

The quadrat study revealed sixty-eight species, in contrast to forty- 
five species which were encountered in the strip transect survey. The 
number of different species encountered in the separate altitudinal zones 
is interesting in comparison with the first survey, where there was a 
steady ir.crease in number of species in successively lower zones. Here 
the largest numbers of species were found to be in the intermediate 
regions. From top to bottom the number of species in each zone were 
as follows: 34, 36, 53, 40, 47, 44, 21. Apparently, fewer species can 
compete in the flood plain, where the drainage and aeration are poor 
during most of the year, and, conversely, relatively fewer species can 
compete with those adapted for life on the hilltops, where the soil 


becomes dry and baked during the hot summer season. This is a very 
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TABLE HU 


DISTRIBUTION AND FREQUENCY PERCENTAGE OF SPECIES ON A RIVER 
Biurr. DATA FROM QUADRATS IN SEVEN ZONES 
Height Classes in Feet Above the River sey 


SPECIES 250-285 200-250 150-200 100-150 50-100 15-50 0-15 Quadrats 
Rhus copallina................ 30 aoe ne = oe = mre 4 
Juniperus virginiana...... 10 aie oa _ ee sas she 1 
Vaccinium vacillans ...... 30 20 20 MS nee aus ae 10 
Viburnum acerifolium.. 20 10 10 oe oe Sr ae 6 
Amelanchier canadensis 20 10 10 oe =x we ie 6 
Populus grandidentata.. 30 10 10 ae = nae ae v4 
Quercus velutina ............ 80 100 40 ba aoe — ae 30 
Rubus odoratus....... 620 70 20 20 19 
Nyssa sylvatica... eer oO Ea 10 10 en ee 7 
Quercus alba ........ ... 60 40 40 40 20 soe a 29 
Caryay alba 25.4:si: 20 10 40 20 10 = a 14 
Fraxinus americana........ 10 40 70 80 70 Ace = 39 
Celastrus scandens.......... 40 20 30 ee 10 — leer 14 
Acer saccharum.............. 100 100 100 LOO a 100 100 ee 86 
Sassafras variifolium......100 80 70 50 80 90 ae 67 
Rubus allegheniensis...... 70 40 40 10 20 70 fe 36 
Hydrangea arborescens.. 60 80 30 40 40 40 bee 41 
Garyal OVaildsaseesaseenaree 50 60 40 40° 20 one 39 


Quercus rubra ................ 50 90 50 50 70 Bae 53 


ACO TU DUUIN -t..cce.ccesc0se0 30 40 Se 20 30 aS 26 
Fagus grandifolia ... 60 70 30 90 50 : 49 
Ostrya virginiana 80 80 50 60 40 ee 50 
Rubus © occidentalis........ 40 10 30 10 30 50 aes 24 
Prunus serotina.............. 30 be 10 10 50 60 = we 
Ulmus fulva.......... we 30 50 20 50 40 80 oe 37 
Morus" rubYar: 22... 20 40 60 80 40 70 ame 44 
Evonymusatropurpureus 10 Ns 30 20 20 20 sie 14 
Liriodendron tulipifera.. 10 20 20 20 50 50 ce 24 
Witis) Jabrusta sess) snes 80 50 90 70 90 50 20 64 
Rhus toxicodendron...... 60 50 90 70 100 60 70 71 
Comust florida .-<..... 60 100 80 60 80 50 10 63 
Fraxinus lanceolata........ 60 80 90 50 70 90 70 %3 
Carya cordiformis.......... 10 30 20 40 60 70 10 34 
Tilia americana.............. 10 60 30 10 Ls 10 10 19 
Fraxinus quadrangulata .... 10 30 Jas 10 eee eS i 
Juglans "cinerea 2... 20 60 20 70 40 oh 30 
Ulmus americana 20 30 50 70 20 27 
Celtis occidentalis ..000... .... 40 40 20 30 100 = ay 
Aesculus glabra... 2... 10 10 20 10 50 als 14 
Asimina triloba....... .... 20 40 50 60 50 10 33 
Sambucus canadensis... ....- 10 20 10 40 50 30 37 
Quercus ‘coccinea....28. ... bAs 10 a Ke eae es a 1 
Prunus virginiana 0.0... .... oe 10 ae. ses - = 1 
Gymnocladus dioica... .... y 40 20 3 thoes 9 
Cratecsms pierre wenn ere < 10 20 50 ae 11 
Benzoin estivale t 40 30 40 30 my 20 
Juelans #isralcs.cceer i Le = 30 10 ame 60 14 
Cercis canadensis 30 30 50 60 ‘ 24 
Rhus eplabna veces vce c 20 10 20 a 6 


SPECIES Height Classes in Feet Above the River overage 
250-285 200-250 150-200 100-150 50-100 15-50 0-15 Quaccats 

Carpinus caroliniana...... __. aoe 10 70 50 60 20 30 
SS nallaxcer lari ca = ee we _ 20 ee? 60 60 10 36 
Rosagsetivera =. ae oe fd 10 a 20 40 10 11 
Gleditsia triacanthos...... a 40 ea 10 10 20 11 
Acer negundo.................. ae ae 20 20 60 70 60 33 
Platanus occidentalis... _... ies 10 30 20 40 70 24 
Quercus macrocarpa...... .... = ae 10 oe. 30 6 
BeLWianmiota 2. ee “ Lae stot 10 1 
Hamamelis virginiana... .... as =a Bs 10 ae 1 
Ribes cynosbati....wu.. .... es ae ae 10 30 6 
Quercus muhlenbergii.... eae ee mie 10 30 ee 6 
Cer SIO T WT = pes ae 10 30 10 7 
WAmUS TACeMOsa oe. 2 af oe =a 10 80 70 23 
Fraxinus nigra......... 30 4 
Comustsp re <8 bee nip at an 40° 20 9 
Neer saccharinum 2222. 1 a Be ee oe base # 100 14 
Rl ar ens TT oe ae = e2 = — 70 10 
Populus deltoides........... _.. zee Be. se Bid jee 60 9 
Mhecomar wadicanss. 36s ae a ites ee = 20 3 
Quadrats in’each belt.... 10 10 10 10 10 10 10 

Species in each belt...... 34 36 53 40 47 44 21 

(Total 68) 


widespread and well-known ecological situation: the more rigorous 
habitats, whether dry or wet, characteristically have fewer species than 
the intermediate typically mesophytic habitats. 

Essentially the same species were found by the quadrat study to 
characterize the hilltops, but the more extensive quadrat survey re- 
veals three new characteristic species, viz., Rhus copallina, Juniperus 
virginiana and Amelanchier canadensis. 

The flood plain proper was found to contain twenty-one woody 
species, of which four were encountered nowhere else. They are Acer 
saccharinum, Populus deltoides, Salix nigra and Tecoma radicans. Five 
additional species occur in 60-70 per cent of the flood plain quadrats: 
 Fraxinus lanceolata, Rhus toxicodendron, Platanus occidentalis, Acer 
negundo and Ulmus racemosa. 

In a quadrat survey, the question of frequency of species and the 
indication of dominants are among the interesting results. In their 
admirable ‘Vocabulaire de Sociologie Vegetale,” third edition, Braun- 
Blanquet and Pavillard (1) have this to say about “frequency” (freely 
translated): 

“Frequency is a statistical idea (expression) which is derived by 


complete floristic lists from a certain number of sample areas (quad- 
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rats) of equal dimensions and disseminated as much as possible through- 
out the extent of the individual example of the association. The fre- 
quency of a species is then expressed in per cent by the relation be- 
tween the number of quadrats which contained it and the total number 
of areas analyzed in the particular example of the association. 

“The species are then usually divided into five Classes of Frequency, 
according to their percentages.” 

Strictly speaking, “dominance” is also a matter-of degree, yet certain 
most characteristic species of considerable coverage are often referred 
to as “dominants.” In Braun-Blanquet and Pavillard’s vocabulary we 
find: 

“To evaluate dominance one must be able to assign figures to each 
species with the exact significance as follows: 1, covering very slightly; 
2, species covering between 1/20 and % of the area of the associa- 
tion; 3, species covering between 14 and % of the surface; 4, species 
covering between 14 and 34 of the surface, and, 5, species covering 
more than 34 of the surface.” 

Very little work has been done in the United States which would 
enable the investigators to assign degrees of dominance in this manner. 
Increasing attention should be paid to the methods of quantitative sta- 
tistical analysis of vegetation which have been developed in the various 
European schools of ecology. Many American ecologists have followed 
the practice of referring to species of ‘“‘high” frequency as ‘‘dominants,” 
whereas, a species may be present in 100 per cent of the quadrats laid 
out in an association and still not be dominant because of its low sur- 
face coverage. The conception of which species are dominant is usually 
derived by observation unaided by the quantitative statistical methods 
of plant sociology. Our present field data do not permit the exact 
reference to any species as dominants, since the extent of coverage of 
each species in each quadrat was not determined. However, when we 
find, for example, that Acer saccharum has 100 per cent frequency in 
all zones except the flood plain, it must also be dominant. 

There are certain other words which are constantly used in descrip- 
tions of vegetation which have come to have technical definitions and 
consequently should not be used laxly any longer. Three such words 
which might be appropriately considered here are presence, constance 
and fidelity, Returning again to the vocabulary cited above, we read: 
“Presence is established according to the existence or absence of a 


species in different examples (geographically separated) of an associa- 
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tion. Certain species are met with a high regularity in all or nearly 
all the examples of an association encountered; others are lacking in a 
more or less large number. One can divide them into categories accord- 
ing to different degreés of presence. The Constance is an expression 
relative to presence, referring to selected samples of definite dimensions, 
but large enough, taken only once in each different stand of the asso- 
ciation. In combining the results of constance with frequence, one 
obtains a synthetic expression of the distribution, more or less uni- 
form, of the species in the different individual examples of the associa- 
tion. It is said to be an expression, more or less approximate, of the 
homogeneity of the association.” Fidelity is considered as the extent 
to which species are confined to a particular plant association, or type 
of plant community. 

In view of these concepts, if we consider the flood plain as a dis- 
tinct association, four species have a complete fidelity, in that they are 
confined to the flood plain association in this particular survey. They 
are Acer saccharinum, Salix nigra, Populus deltoides and Tecoma radi- 
cans. Similarly, considering the upper slope and hilltops to be covered 
with a black oak association, above about two hundred feet, we find 
seven species with a high degree of fidelity, v7z., Quercus velutina, Popu- 
lus grandidentata, Amelanchier canadensis, Viburnum acerifolium, Vac- 
cinium vacillans, Juniperus virginiana and Rhus copallina. The latter 
two are confined to the topmost zone. 

In order to determine constance and presence in the strict technical 
use of the terms, surveys such as this one would have to be made in 
other localities where similar associations and situations are to be 
found. We have here only one instance or example of these river hill 
associations—one “stand,” in the terminology of the foresters. 

In a Consideration of frequency, only quadrats laid out within the 
typical portion of the association (of a single association) can be con- 
sidered in determination of frequence of species. Consequently, our 
first zone, from the river to fifteen feet above, which includes only the 
flood plain, must be considered separately and the frequency for the 
twenty-one species contained therein determined. The results are pre- 
sented in Table III. 

The frequency indices of the various species in the flood plain coin- 
cide with the normal expectancy in such work when the conditions of 
such study are fullfilled: a sufficient number of quadrats of sufficient 


area distributed throughout the association. That this analysis is ade- 
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TABLE IIT 


FREQUENCY CLASSES OF THE SPECIES OF THE FLoop 
PLAIN ASSOCIATION 


Raunkiaer’s Frequency Classes 
Cc D 


eCIE A E 
Shira 0-20% 21-40% 41-60% 61-80%  81-100% 
PA CQ tern CUNT sccsses eee es enee eater ee ence x : 
Asimina. triloba -222..2— x 
Carpinus caroliniana 2 
(Gamyar Gord fattisy sees areas een x 
(GGUS eS eee eee D3 
Comus\ floridas 222. Ke 
Gleditsia triacanthos a xe 
ROSA. SCLIGOL A, e:tee ccc cecteeeseanaeseeereeeee x 
Gimillarxae ele Uicay Sees tes cae eects nape varac tee x 
dnexeonnae, SeaohiGnhois 2 ee ees eee x 
iliaveamrerica liars vere oe ee eee eee x 
Vitismlabrusca y= ee eee x 
Sambucus canadensis, 2228 c.-..c. x 
Popultisedel tides scsees est eee ees . x 
ACER Ne CUNO IU Nees = eee ees x 
Eitainuse lanceolata essere seca mee x 
Piatanus Occ cenmtaltsmecs ses seeceee=- oe x 
Rhus toxteodendronhe 2s x 
Se libre: abhi Wee eee ae cee eee ae BE 
Ulmus racemosa x 
Acer saccharinum x 
Number of ‘species; (2 1)\s24 eee ee 12 I 1 6 1 


quate may be decided from a comparison of the results with standard 
frequency work. Kenoyer (3) has made a critical study of the fre- 
quency work, first developed by Raunkiaer (5). Raunkiaer, working 
on European associations, found that the species in an association, 
when arranged into five frequency classes, had the following grouping: 
Class A (1-20 per cent of the quadrats), 53 per cent of the total num- 
ber of species encountered; Class B (21-40 per cent), 14 per cent of 
the species; Class C (41-60 per cent), 9 per cent of the species; Class 
D (61-80 per cent), 8 per cent of the species, and Class E (81-100 per 
cent), 16 per cent of the species. In other words, there were two peaks 
in frequency. First, there was a large percentage of the species which 
were of low frequency (Class A) being encountered in 20 per cent or 
less of the quadrats. Second, there was another peak, or large percentage 
of the species which were of high frequency (Class E), being encountered 
in 81 per cent or more of the quadrats. This second peak is never as 
high as the former; in other words, there are fewer species of high 
frequency than there are of low frequency in an association. The 


smallest frequency class is usually Class D, although it may be Class 
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C. Raunkiaer’s ratio of frequency classes, 53-14-9-8-16, was derived 
from an extensive study involving 8,087 percentages. 

The work of Kenoyer on American association gives the following 
ratio: 69-12-6-4-9, showing the same two high points with the differ- 
ence, as Kenoyer explained, that Class A is larger in American asso- 
ciations, due to the-fact that our flora is generally richer in numbers 
of species. 

The flood plain association, from the present analysis, gave the 
following ratio: Class A, 57 per cent; Class B, 5 per cent; Class C, 
5 per cent: Class D, 28 per cent, and Class E, 5 per cent, revealing 
the two large frequency classes mentioned above. Generally speaking, 
when the two classes of large size are at either end of the scale, it may 
be concluded that the number and size of the quadrats is adequate and 
that a homogeneous association has been dealt with. 

Next we have to consider the wooded slopes of the river hills above 
the flood plain. These woods are not virgin timber, yet they are rela- 
tively undisturbed in comparison to the majority of timbered areas 
in central Indiana and would be described generally as mixed hard- 
woods. The hilltops and upper slopes are occupied by what is more 
nearly an oak-hickory association, while the lower slopes are clothed 
with a more mesophytic growth, approaching the beech-maple associa- 
tion. The normal woodland succession is usually from the more xero- 
phytic oak-hickory association, with black and red oak playing impor- 
tant roles in the makeup of the vegetation, followed by a white oak 
stage with an admixture of more mesophytic species, which finally gives 
way to the beech-maple climax association. The succession, developing 
towards the beech-maple association, is further along on the lower 
slopes than on the upper slopes and ridge tops. This can be seen from 
the following percentages of critical species, Table IV: 


TABLE IV 


FREQUENCY OF More IMPORTANT SPECIES OF THE OAK AND 
BEECH-MAPLE ASSOCIATIONS 


Frequency Per Cent by Altitudinal Zones 


eres 250-285 200-250 150-200 100-150 50-100 15-50 0-15 
Quercus velutina.... 80 100 40 i ae ae a 
Quercus rubra ........ 60 50 90 50 50 70 
Quercus alba .......... 60 '. 40 40 40 20 shad 
(arya, ovata-:..:..--. 60 50 60 40 40 20 
Gary ag al battz.-22-2-- 20 10 40 20 10 Be, 

Fagus grandifolia.... 40 60 70 30 90 50 ae 
Acer saccharum ...... 100 100 100 100 100 100 = 


TABLE V 


FREQUENCY CLASSES OF THE HILLTOP SPECIES 
Frequency Classes 


SPECIES A B Cc 
0-20% 21-40% 41-60% 
FADES UNL). CEN DY Ne os or x 
Amelanchier canadensis x 
INGiieaubeveho eNO) of ey eee ee eee eee xe 
Goality aly aul bya reese rere ern ue 
(Gary ae CORTE OE IIS eee sneer x 
Geltts occidentalis fee ee tee x 
Evonymus atropurpureus -. begs 
Fraxinus quadrangulata --_.:..............- xe 
Jiuclansm cinerea ees ie 2 
Juniperus virginiana ...........-........... 2g 
Liriodendron tulipifera -........—........... x 


Nyssa sylvatica .........-...--- 
Populus grandidentata .... 
Prunus serotina 
Rhus copallina 
Sambucus canadensis - 
Wilinswariienicarva yess seer aes 
Viburnum sacermoliumn e222 222 eee x 
Celastrus scandens 
Fraxinus americana ... oe 
IMCoruSer uD rants eee eee a eee 
Rubus occidentalis 
Tilia americana ......... 
Olin) AAO eee 
Vaccinium vacillans ... 
Acer rubrum oe. 
(CARVE) GMA, Ca 
Fagus grandifolia 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
RUbUS OG Oral use ae eee ee ces 
Rubus allegheniensis 0.02... 
Rhus toxicodendron .... 
Gornust florida te. 252 = oe eee 
Brasinus lance la ta eeswete eee me 
Hydrangea arborescens ... 
WATS TEN SRECRy ee 
Acer saccharum 
(OMENS SYONUIIN IE, Soe nee tenet 
Sassafras variifolium .... 

No. of species (41) 
Percentage! (oe eee Bae Soe. 17 22 
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61-80% 
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E 
81-100Y%a 


The hilltops being more nearly representative of the oak-hickory 
association, the upper two zones (from 200 to 285 feet) were treated 
so as to reveal the frequencies of the species. These results are ex- 
pressed in Table V. The ratio of the classes here revealed is not that 
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of the typical Raunkiaerian type. The second peak, represented by 
the large size of Class E, is absent in the results: 44-17-22-10-7. The 
conclusion to be drawn, and which had already been anticipated, is 
that the plant community here dealt with is not a good homogeneous 
example of the oak-hickory association. Similarly, the lower slopes are 
approaching the beech-maple association but are not yet typically 
developed, for, if such were the case, the frequency results would reveal 
the “dominants” as composing Class E, and also constituting a second 
peak, 7. e., more species falling into Class E than in Class C or D. 


SUMMARY 


1. This report covers analyses of the woody vegetation of certain 
central Indiana river hills by two methods: (1) strip transect method; 
(2) quadrat method, with a discussion of the advantages of each in 
revealing the content and distribution of the woody flora. 

2. The ‘vertical distribution of the species is emphasized, in relation 
to habitat factors, by a treatment involving altitudinal zones. 

3. The question of frequency of the species is considered and certain 
terms used in plant sociology are discussed. 

4. The use of Raunkiaer’s and Kenoyer’s ratios of frequency classes 
is considered as to their value in checking the adequacy of the quadrat 
survey, and whether or not the plant community dealt with is a good 
example of the association under consideration. 

5. The present study is of academic interest only, but many prob- 
lems of practical importance involve methods of analysis of vegetation 
here discussed. 
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CERTAIN ASPECTS OF THE H-ION CONCENTRA- 
TION OF THE SOILS OF A CENTRAL 
INDIANA RIVER BLUFF 


By Stantey A. CAIN AND RAy C. FRIESNER 


In a recent paper, Cain and Friesner (3) found that there was a re- 
lation between topography and the hydrogen-ion concentration of the 
soil. This work was done on certain hills in the Sycamore creek region, 
Morgan county, Indiana, where it was found that the acidity was 
ereater on the hilltops and less in the intervening ravines, so that 
curves representing the degree of acidity of the soil at different points 
on a line crossing the hills were roughly parallel with the topography. 
The average acidity on three ridge tops was pH 5.3, while the adjacent 
ravine bottoms were practically neutral, averaging pH 6.9. The con- 
sistently greater acidity of the ridge tops and upper slopes seems to 
play a significant part in the distribution of certain plants found only 
in such situations, viz., Vaccinium vacillans, Gaylussacia baccata, Poly- 
trichum juniperinum, etc. Since these ridges studied in the Sycamore 
creek region were only about one hundred feet high, it was thought 
desirable to investigate some river hills which rise about 250 feet above 
their immediate bases. 

The work reported in this paper was also made in Morgan county, 
Indiana, at a point on White river known as Blue Bluffs. The soil 
samples for the pH investigation were taken in connection with a tran- 
sect study of the vegetation, Cain, et al. (4). Surface and subsoil sam- 
ples were taken at twenty-five-foot intervals, starting at the bank of 
the river in a line running 650 feet directly to the top of a hill known 
locally as Rock Hill. The steepest part of the slope is near the summit 
of the hill. At the top of the hill the line on which the samples were 
taken turned 45 degrees to the west and descended into a ravine, where 
it continued westward to the top of Blue Bluffs. The total length of 
the line was 1,925 feet, and the soil samples consisted of seventy-seven 
sets, each set comprising a surface sample and one taken at a depth of 
six inches. It has. seemed advisable to arrange the results in six groups, 
on a basis of the altitude above the river level of the place where each 
soil sample was taken. Thus the lowest group of soil samples, from the 
river level to fifteen feet above the river, included the region of the flood 
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plain species. Similarly, the last group of samples, from 200 to 285 
feet above the river, was in the region of what may be called the “hill- 
top” species. 

Weaver and Clements (6), in their new ecology text, remark that, 
“It is frequently desirable to know just how vegetation varies with 
changing environment, such as caused by slope, exposure or other ir- 
regularities in topography or soil.” In completely wooded river bluffs 
like the ones here considered, differences in evaporation are probably 
not great between the tops and bottoms of the hills. Edaphic factors 
are undoubtedly of greater importance in effect on the vegetation. Soil 
moisture conditions and the physical and chemical nature of the soil 
seem to be quite different and need to be investigated. It is the opinion 
of the present writers that many of,the more commonplace and obvious 
ecological situations need quantitative investigation, if not for sub- 
stantiation of our preconceived ideas, at least for classroom work. The 
following results of our pH determinations are a step in that direction. 


RESULTS 


The results of 477 tests of the pH of the soils are summarized in 
Table I. 
ACA ok 
AVERAGE PH oF Sort SAMPLES TAKEN AT DIFFERENT ALTITUDES ON 
Rock HILL AND BLUE BLUFFS 


Surface Soils Subsoil Samples 

Altitude Class aes pH es pH 
UEC aM shee (Gis WAN ayo) fem earn as ee a 10 5.89 10 Bille 
SIGS On Te ae a ae oe oe ee 13 5.76 13 4.73 

(GB STNG OGTR sf SI ee ie eee 18 5.65* 18 4.93% 

RGU pie. 200s SS OS 8 ee ees 20 5.79* 20 4.94* 
1S Slo aie ee ae eee ee eee 8 5.9 8 5.0 
ha LUG Mae se (G Biko(e 70 Gl 03 F100 Jae aaa ae sees ee ores 8 6.5 8 5.8 


*These averages were obtained by omitting three soil samples which were involved in a 
local land-slump, where the surface and subsoil were mixed up. 


Wherry (7) has recently called attention to the necessity of realizing 
the logarithmic nature of the pH numbers when they are averaged, 
since the direct averaging of them may result in considerable error. If 
the H-ion concentration is not to be expressed in terms of “active 
acidity,” it is necessary to average them on that basis and change them 
back to the more familiar pH numbers afterwards. This has been done 


in preparing the averages in Table I. 
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This investigation does not reveal as close an adherence of the pH 
to the topography as was found in our earlier work in the Sycamore 
creek region, yet the slopes are more acid than the flood plain. These 
figures can be taken as a certain additional substantiation of the gen- 
eral fact of leaching out of upland soils and the subsequent increase in 
the acidity, Salisbury (5). In these soils the acidity is conspicuously 
greater at a depth of six inches than immediately beneath the surface 
litter. This situation is undoubtedly due to the chemical nature of the 
parent material of the subsoil, although no analyses or geological study 
have been made as yet of the region from this point of view. It seems 
that a more widespread condition is that where the surface soils are 
more acid than the subsoils, Salisbury (5), Cain (1) (2), Cain and 
Friesner (3), etc. This condition is ordinarily a result of the accumu- 
lation of organic material yielding humus acids at the surface and the 
leaching out of bases which are not replenished as are the acids. 

It has been the policy in our work to date to make three tests of the 
hydrogen-ion concentration of each soil sample. The Youden portable 
apparatus, permitting rapid determinations of the e.m.f. of the soil 
solutions, has been used for the tests. It was found that the average 
deviation of the three tests made on each sample was approximately 0.1 
pH. The deviations are condensed on a basis of the degree of the 
acidity in Table IT. 


TABLE II 


AVERAGE DEVIATIONS FROM THE MEAN oF THREE TESTS ON EAcH 
Sort SAMPLE 


pH Range fon Mee gincerds ‘ Nee 3 
FOE PTA SCAU pect Nb oe eee ead oe are 0.0935 6 18 
ET AO Mra ess: Mae dtar i ee, eke © ee ae 0.1253 28 84 
DH #5--Tange cel sn wee Mea yal ery ee eee 0.1302 ‘ 59 177 
EL AyPangelaseien Ae ei eel lee We eye ee, 0.0995 49 147 
Grandwavcrageghas nye Late Male hake Mee ome be 0.117 142 426 


There seems to be no special correlation between the degree of devia- 
tion of three tests on a sample and the degree of the acidity. The great- 
est deviation from the mean of three tests was found in surface soil 
No. 111, with a range from pH 5.306 to 5.969, and in subsoil No. 118, 


ranging from pH 5.867 to 6.615, or 0.33 and 0.37 respectively. 
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SUMMARY AND CONCLUSIONS 


1. A total of 477 tests were made of the hydrogen-ion concentration 
of the soils on a line running 1,925 feet over two river hills, Blue Bluffs 
and Rock Hill. 

2. There were 79 sets of surface and subsoil samples, 77 of which 
were on the line mentioned above. 

3. In 90 per cent, or 71 of the 79 sets (three tests per sample), the 
subsoil was more acid than the surface soil by an average of approxi- 
mately 0.8. Most of the eight exceptions were connected with a land- 
slide which would account for the disturbance of the normal stratifi- 
cation. 

4. For all the sets of surface and subsoils the range was from pH 
4.4 to 7.7, and from pH 4.3 to 7.4 respectively. 

5. For all samples the average reaction of the surface soil was pH 
5.9 and the subsoil pH 5.1. 

6. The greatest difference between the reaction of the surface soil 

and the subsoil of any one set was from pH 4.7 (subsoil) to pH 7.5 
(surface soil). The least difference was from pH 4.45 to 4.47. 
_ 7. The average deviation from the mean of three tests on a soil 
sample was approximately 0.1, a factor sufficiently small to obviate the 
necessity of duplicate tests on individual soil samples. It is apparent, 
however, that numerous soil samples must be read in order to gain any 
accurate idea of the characteristic reaction of the soil of a particular 
situation or vegetation type. 
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A MICROTOME KNIFE COOLER 
By Ray C. FRIESNER 


Artschwager’ described a cooling apparatus for handling paraffin rib- 
bons during hot weather. Use of this device in our laboratory during 
the summer months has proven highly satisfactory and at the same 
time it suggested to us the idea of using the same principle to keep the 
knife blade cool while cutting. Accordingly, a copper box was made 
12x6x4 inches, as shown in the accompanying figure. A suitable lid 
should be made from the same material. On the back of this box was 


2 


soldered a narrow strip of copper, which was allowed to project ap- 
proximately seven inches beyond the end of the box. This projecting 
strip should be just wide enough to fit into the groove on the back of 
the blade holder of the microtome, which happens to be just one-half 
inch in the case of the blade holder used in our laboratory.” It should 
be soldered to the back of the box just high enough from the bottom to 
permit it to slide easily into the blade holder groove when the holder 
is in place on the microtome. This height is just three and nine-six- 
teenths inches for our Spencer Rotary microtome. 

When ready for use, the copper box is filled with chipped ice, to 
which sodium chloride may be added to increase the cooling effect. 

The lid is then placed on the box and the low temperature is then rap- 
idly conducted through the extending arm to the microtome blade 
holder, which is made of brass. This device has permitted paraffin 
cutting to be done throughout the summer session and on the very hot- 
test of days. 


1Artschwager, Ernest. A Paraffin Ribbon Cooler. Stain Tech. 1: 112— 1926, 
“Made by Mr. Ralph B. Larsen, 7126 Woodlawn Ave., Chicago, 
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Figure 1. Ridge-type heath balds in the spruce-fir subalpine zone, between Mt. LeConte 
and the North Carolina-Tennessee state line, Great Smoky mountains. Photograph 
by courtesy of Jim Thompson Co., Knoxville. 


Figure 2. Detail of vegetation at the margin of a heath bald of the type illustrated in 
Figure 1, at approximately 6,500 feet elevation on Mt. LeConte. 


AN ECOLOGICAL STUDY OF THE HEATH BALDS 
OF THE GREAT SMOKY MOUNTAINS 


By STANLEY A. CAIN 


The inhabitants of the Great Smoky mountains usually refer to the 
heath communities under consideration as “slicks” or “balds.” The 
former name is derived from the smooth appearance they present on 
the ridges and mountain tops when viewed from a distance and which 
is entirely misleading, for they are extremely rough and tangled. The 
name “bald” refers to the absence of trees, these areas being exclusively 
occupied by shrubs. The term “heath bald” is used in this paper to 
include all such treeless areas dominated by members of the order 
Ericales. The use of the term “heath” is not entirely satisfactory, since 
there is considerable confusion in the literature in respect to the exact 
meaning of’such terms as “heath,” “low moor,” “high moor,” etc., yet 
no substitute for the term has been found. 

One derives from Tansley, in “Types of British Vegetation,” that 
heathland involves poor, dry, sandy soils, usually with a thin layer of 
dry peat or “trochentorf.” The climate can best be described as oceanic 
where heathland is characteristic, and where the rainfall is greater, up 
to forty and sixty inches, relatively pure acid humus may develop to 
a foot in depth. This type of community is considered by Warming 
(23) under the heading ‘Dwarf Shrub Heath,” where he says that in 
the Alps, associated with the forest and above the timber line, heaths 
are formed by various plants, and that in Azalea-heath the layer of 
raw humus may attain a thickness of half a meter. In distinction to 
Tansley, Warming considers the production of raw humus as the most 
characteristic peculiarity of heath, while they agree in respect to the 
climatic conditions. Warming states that the “dwarf shrub heath occurs 
only in arctic and alpine sites, also in the oceanic west coasts of the 
cold-temperate zone that are characterized by cool summers.” 

In the Great Smoky mountains, areas of heath are to be found with 
a development of dry peat, particularly at lower altitudes, but the ma- 
jority of the heath balds have a remarkable development of moist, 
fibrous brown peat, frequently to a depth of one and two feet. The 


surface of the peat under the ericaceous shrubs is frequently covered 
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with a dense mat of Sphagnum and other peat-forming mosses. Other 
species of moss and lichens, as Cladonia and Usnea, may be festooned 
over the branches, particularly when the balds are at an elevation of 
6,000 feet or more. 

The presence of peat-forming mosses suggests the possible application 
of the term “moor” or “high-moor” to these areas. Warming (23), 
page 200, says: “The moor known as high-moor, Sphagnum-moor or 
heather-moor, is mainly formed by bog-moss (Sphagnum) and arises 
on moist soil, which is only slightly permeable to water, though very 
damp air hangs over it. Humid air and dew are essential to sphagnum- 
moor, which acquires the whole of its moisture from atmospheric pre- 
cipitations. It often arises on top of-old low-moor; it may also take 
origin on wet sand, and even on rocks if these be frequently wet, as on 
the west coast of Norway and Sweden.” Thus it would seem that the 
distinction between moor and heath rests on the presence or absence 
of Sphagnum; yet heather-moor and dwarf shrub heath, from descrip- 
tions, are frequently indistinguishable. However, the following dif- 
ferences between the peat-forming areas of the Great Smoky mountains 
and true high-moor occur to the writer as distinguishing the two: (1) 
the high-moor has a convex surface like a watch glass (the sort of thing 
known as “raised bog” in this country); (2) the high-moor is char- 
acterized by the presence of “carnivorous” plants. Altogether, the 
term “heath bald” seems preferable to “moor” in this connection. 

The term “pine-heath,” or kiefern-heide, is not subject to the same 
confusion, since the pines are associated with the heath shrubs under 
conditions too dry for Sphagnum and the formation of moist brown 
peat. Harshberger (19 and 20), in describing the New Jersey Pine 
Barrens, says that “pine-heath is found where the climate is conti- 
nental.” In comparison with the climate of the heath districts, the pine- 
heath regions are marked by increase in range of annual and diurnal 
temperatures, rainfall is less, skies are more frequently cloudless and 
the air is drier and dustier. In the Great Smoky mountains the pine- 
heath is quite constant in aspect, but the heath balds show a number 
of facies, the principal variations of which are tied up with changes 
concomitant with increased altitude. 
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DISTRIBUTION oF HeEatH Batps aNp PINE-HEaAtTH IN THE GREAT 
SMoKy Mountains or NortH CAROLINA AND TENNESSEE 


The principal region of heath balds is in the vicinity of the North 
Carolina-Tennessee state line, from Laurel Top along the Sawtooth 
range to Mt. Collins, westward on Mt. LeConte and the intervening 
territory, and southwestward to the limits of the spruce. In this region, 
in the very heart of the roughest mountains of the area, are to be found 
the steep ridges and peaks, barren of trees, yet clothed with the densest 
imaginable growth of ericaceous shrubs. Mt. Guyot to the northeast 
and Clingman’s Dome to the southwest, the two highest peaks in the 
Great Smoky mountains, approximately mark off this region of numer- 
ous heath balds of the type under consideration. These two mountains 
are themselves essentially without such areas, a phenomenon probably 
related to their more bulky and less precipitous form. Below -Cling- 
man’s Dome the heath balds are less frequent until in the southwestern 
part of the Great Smoky mountain National Park area, from Thunder- 
head mountain to the Little Tennessee river, they are entirely absent, 
being replaced by grassy balds. This lower, more southern region is 
also without the spruce-fir formation which stops south of Clingman’s 
Dome about at Double Spring Gap. To the north and east the heath 
bald is to be found in varying frequency and character as far at least 
as the Craggy mountains, where they have been described by Davis 
(5). The present work has, in the main, been done in the vicinity of © 
Mt. LeConte, because of greater accessibility, although excursions have 
been made to all parts of the range. 

The heath balds are to be found at the tops of ridges and peaks 
with all exposures and with varying degrees of slope. It has not been 
possible to correlate the balds with southern exposure, for example, or 
merely with the angle of slope, although the latter may sometimes be 
an important factor. They may occur merely as narrow strips along 
knife-edge ridges, as on Beartrap lead or the Alum Cave balds, or they 
may occupy the top and extensive upper slopes of a mountain, as in the 


case of Brushy mountain north of Mt. LeConte. 


The pine-heaths occur generally at lower elevations than the heath 
balds and in many respects occupy comparable positions. Pine-heath 
is particularly abundant between 3,000 and 4,000 feet in elevation on 


south exposures. In such situations the pine-heath frequently extends 
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to the top of the mountain or ridge, as in the case of Piney mountain 
or Bullhead, where there is an extremely sharp line of transition to 
chestnut or oak forest. Down the slope on all sides these pine and 
hardwood forests merge gradually into the so-called “cove” forests of 
greater luxurience and productiveness. 


DESCRIPTION OF THE VEGETATION OF HEATH BALDs: SPECIES CON- 
TENT AND RELATION TO SURROUNDING_FORESTS 


Before pointing out the peculiarities of the heath balds and their re- 
lationship to the adjacent forest types, it will be necessary to consider 
briefly the major aspects of the vegetation of the region as a whole. 
The vegetation areas of the Great Smoky mountains present some 
confusion when classifications are attempted, especially on a single 
basis. 

The major distinctions should be apparent and consist of climatically 
controlled vegetational units capable of reproducing themselves and 
consequently resulting in various dynamic subdivisions related to many 
factors, yet tending always towards the climax condition of relative 
stability. This concept of major divisions of vegetation, as established 
by Schimper and adequately presented recently in Weaver and Clem- 
ent’s (24) Plant Ecology, provides for only two formations in the 
region of the Great Smoky mountains, namely: 


Subalpine Forest: Picea-Abies Formation. 
Deciduous Forest: Quercus-Fagus Formation. 


The Picea-Abies formation is easily disposed of, since it has a re- 
markable floristic homogeneity. In Tennessee and North Carolina, or 
in New England or Southern Canada, it is essentially the same. It is 
not so with the deciduous forest, which has been variously handled by 


ecologists and foresters. Weaver and Clement’s subdivisions are as 
‘follows: 


Deciduous Forest: Quercus-Fagus Formation 
1. Maple-beech forest: Acer-Fagus association. 
2. Oak-chestnut forest: Quercus-Castanea association. 
3. Oak-hickory forest: Quercus-Hicoria association. 
a. Pine subclimax: Pinus associes. 
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The Committee on Forest Type Classification, Frothingham, ef al. 
(8), have given us the following convenient grouping for the forest 
types of the Southern Appalachians: 


Northern Forest (mostly at high altitudes)—1, Spruce-fir type; 2 
Hemlock-yellow birch type; 3, Northern hardwood type. 
Moist Slope and Cove Forest—4 to 11 (types based on importance of 
different species). 
Dry Slope and Ridge Forest—12, Chestnut oak type; 13, Black oak- 
scarlet oak type; 14, Pitch pine-mountain pine type. 


) 


The following tabulation (Table I) presents the flora of the heath 
balds with an indication of the forest type with which each species is 
most frequently associated. The column numbers in the tabulation in- 
dicate the following main types selected from the above classifications: 
(1) Spruce-fir forest, (2) Northern hardwoods forest, (3) Upper cove 
forest, (4). Chestnut-oak forest, and (5) Pine-heath (pine subclimax). 

The preceding table emphasizes a number of points about the flora 
’ of the heath balds. In the first place, it is striking that there are so 
few species. The observations on which these results are based were 
made during four years, in early spring and from June to middle Sep- 
tember. At no time is there any display of herbaceous elements, al- 
though numbers of these heath balds were visited during this time. 
The flora is conspicuously woody, 74 per cent. As shown in the tabula- 
tion, 47 per cent of the woody flora is found in one family, Ericacee, 
which includes all the dominants. 

Since heath balds occur at all altitudes from 4,000 feet to 6,500 feet, 
it would be expected that the species content would vary somewhat 
with altitude. This is the case, and not only are some of the species 
different in the heath balds at Myrtle Point and Main Top, at about 
6,500 feet on Mt. LeConte, but the relative abundance and dominance 
of certain species, common to them and to balds at lower elevations, 
are different. The flora of balds occurring at higher elevations is dis- 
-tinctly related to the spruce-fir formation. On the other hand, the 
- balds at lower elevations, like Ball mountain and Bullhead mountain, 
show definite relation to chestnut-oak and pine-heath associations. 
Intermediate situations like Chimney Caps, Buffalohead, Scratch- 
_ britches, etc., are more nearly related to the cove forests and the north- 


ern hardwoods. 
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TABLEAE 


FLORA OF THE HEATH BALDS AND RELATION OF SPECIES TO PRINCIPAL 
ForESTt TYPES 


Forest Types 
Fiokk es ee Foes 5.8 eee 
Polypodiaceze Aquifoliacez _ 
Pteris aquilina -....... .. wy Wiest SY PS Ilex monticolas= = x yess 
Aspidium spinulosum Aceracez 
intermedium ......-..- pe eg Ped ce Acer rubramece x7 iL Je 
Dicksonia  puncti- Cornacez 
Rte eels Se ae Lp Nyssa sylvatica.......... -. 3 Bese 
Osmundacez Ericaceee 
Osmunda cinnamo- Clethra acuminata ... -. 5 ae eX 
TCA ee eee eee 5 ie eh ee Monotropa uniflora. x .. xX 
Lycopodiaceze Rhododendron maxi- 
Lycopodium com- p00QUU 00 eee ee K . X 
planiereucoe ee eee ity Ai Oe R. catawbiense -......... xu bes 
Pinaceze Re pumeta trae ees DG Ms 
IPG jaw eR i le 3 Menziesia pilosa... 3 
IDiGeamen tl) rales eee pe SEO FEAY a Dendxium prostratum x {2 es 
Abies) fraseni....s2-22 Sh A eh Kalmia latifolia... x) 1.2! 3 
Liliaceze Leucothoe catesbei.... ., fs 
Chralliaposs qinchuleyebam. Se 8 a es Andromeda  flori- 
Smilax rotundifolia... .. atx tae bundaj je ee «ke oe 
Orchidacez Lyonia ligustrina ...... .. sto Rees 
Habenaria ciliaris... .. Eh ee x Oxydendrum arbo- 
Fagacee MEUM 5 5-oee ees auth a 
Castanea dentata.... eee Ok ae Epigzea repens............-- a oA ea ee 
Magnoliacee Gaultheria procum- 
Magnolia fraseri..... .. pe pe. DONS eee Ate ee 2s ace, OS 
Lauracez Gaylussacia ursina ... .. eee ee =: 
Sassafras varlifolium . . . x x (Ge baccataee = ee cS) daa 
Saxifragacez Vaccinium arboreum x 
Saxifraga leucanthe- V. corymbosum.......... xe 
THOVOMOINEY, oc cesoeeeeeee ba, Soe eit get V.corymbosum palli- 
Ribes prostratum...... 5 = a a ere CLUTA A cane eee x af 
Hamamelidaceze V. erythrocarpum...... x 
Hamamelis virginiana . .. .. x .. Diapensiacez 
Rosacez Galas a pliy lia eeeane as) es 
Pyrus americana........ Xo eal]  Gentianaces: 
P. melanocarpa.......... .. Xe ee Gentiana linearis........ x 
Amelanchier canaden- Scrophulariacez 
SIS eee eee: EX re nh ee’ Miclampyrum ineare 2.) 2a <a 
(Crain joe oe Soe 2 2 Capnitohacese 
Rubus canadensis...... 5; ing eae wee Diervilla sessilifolia.... x : 
Prunus pennsylvanica x . . .. Viburnum cassi- 
Leguminosee MOI eS eee eee ae ee : 
Robinia pseudo-aca- Composite 
CVA --eseseeeeeeseeeeeeeceeeee 2 wear. Solidago glomerata....x x Ree es 
Anacardiaceze 
Rhus copallina 2 Te x Ses 


Summary—54 species are listed in the flora of the balds; 40 species (74 per cent) 
are shrubs, or, in some cases, scrubby trees; 21 species (39 per cent) of the total 
flora belong to the Ericales (with one exception, the Ericacez of Gray) ; 19 species 
ofthe woody plants (47.5 per cent) belong to the Ericacez, 


1Nomenclature after Gray as far as possible, otherwise after Small. 
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The main point to be derived in this connection is that the species 
in the heath balds are for the most part to be found also in the ad- 
jacent forests. In other words, they do not have a very great fidelity to 
the heath bald communities. On the peaks and ridges these shrub 
species develop an exclusiveness and luxurience that makes them stand 
out as islands in the surrounding forests. At the same time, however, 
the heath balds maintain a similarity in physiognomy despite the chang- 
ing species content. The relation of the bald species to altitude, which 
is in reality the relation to the contiguous forest type, is brought out 
in the following table (II), the columns of which are numbered as 
follows: 


6,500 Feet, Approximate Altitude—1, Mt. LeConte, Maintop bald; 
2, Mt. LeConte, West Point bald; 3, Mt. LeConte, Balsamtop 
bald; 4, Mt. LeConte, South Balsamtop bald; 5, Mt. LeConte, 
East Point bald; 6, Mt. LeConte, Myrtle Point bald. 

5,000 Feet Approximate Altitude—1, Brushy mountain; 2, Chimney 
Caps; 3, Mt. LeConte, Beartrap bald; 4, Mt. LeConte, Rocky 
Spur bald; 5, Mt. LeConte, Alum Cave balds; 6, Walker Prong 
balds. 

4,000 Feet, Approximate Altitude—1, Brushy mountain, Taterhill lead 
bald; 2, Brushy mountain, First lead bald; 3, Brushy mountain, 
Second lead bald; 4, Ball mountain; 5, Mt. LeConte, Bullhead 
bald. 

In Table II the seventeen balds studied are grouped into three sec- 
tions according to their approximate altitudes. The woody species are 
arranged in sequence which approximates their “constancy” in the 
balds. Braun-Blanquet and Pavillard, in their “Vocabulaire de Sociol- 
ogie Vegetale’ (1), make the following statement about constance: 
“La CONSTANCE est une expression relative de la Presence, rap- 
portee a des aires-eschantillons de dimensions determinees, mais assez 
grandes, prelevees une seule fois dans chaque individu d’association. 
En combinant les resultats des determinations de frequence avec ceux 
de la Constance, on obtient une expression synthetique de la repartition 
plus our moins uniforme des especes dans l’ensemble des individus 


 d’association, c’est-a-dire une expression plus ou moins approximative 


de l’homogeneite de l’association.” As a consequence, it is seen that 
only two species, Rhododendron catawbiense and Vaccinium corym- 


bosum, are 100 per cent constant in that they occur in all seventeen 
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TABLE II 


APPROXIMATE ALTITUDE 


Woopy SPECIES 5,000 Feet 4 


Rhododendron catawbiense........- Xs 
Vaccinium corymbosum........ emt. 
Rhododendron punctatum........... 
Dendrium prostratum...............-..- x 
Vaccinium erythrocarpum............ oe 
Menziesia pilosa 
Byruspalmer ican afce eee eee xe 
Prunus pennsylvanica...............-.-- x 
PYceaan UW Drasess cee, etree x 
Abies fraseri 
Ribes prostratuma....2....s2-e ne 
RawUS;CAMa Gens: .50s.-ceee eee ue 
Diervilla sessilifolia...... 
Kalmia latifolia._....... 
Pyrus melanocarpa... 
Lyonia ligustrina.......... 
Gaylussacia baccata..... 
INVSS@) SVLW ACI Caceres say eee cerca 2 el GOR ee eS 
hex onticolas Aone eee ee cee ok Se TINS 
Clethra acuminata........... ae eS ace. 
Viburnum cassinoides eB: Bg ta 
Smilax rotundifolia.22.-2--..-.- ey ee 
IN GETAEU DE Ui Seo: pe aes eee nee eee eg See A eMergs Ls Ee ote: 
Robinia pseudo-acacia.........-...-..-. re ees ey te Oe eS, ek a non 
Andromeda floribunda................ Se. ag als Be Soe x 
Amelanchier canadensis........ PAO Meee cat ene 3s 
Rhododendron maximum..... Fre tes a eee 
Leucothoe catesbeel...0...eeecee ce ne aS 
Oxydendrum arboreum...............- ne re: 
im Ws) UT ON Sess ereesees ees acen sc ete cee Few. e: 
Sassafras variifolium..........200.. .. oe aah ta ee es ee 
GaylUSssacla UiSin a sense reee pees 
Gastaneardentatae.< nase 
Hamamelis virginiana................... .. 
Number of species in 

achipald cease eete Meee ee eee 10, 8. 10 8-49! 16) 7 12: 10 12°11 TOMA 2 aa 
Average number of species............ 9 11 14 
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examples of the heath bald association. Kalmia latifolia is found to be 
present in all examples of the heath balds at the two lower levels. 

The three altitudinal groups are more or less natural and distinguish- 
able on a basis of their species. The highest group of balds, however, is 
more sharply distinguished than those at 5,000 and 4,000 feet elevation. 
The group at the highest altitude can be said to be distinguished by 
the presence of species from the adjacent spruce-fir forests, as Men- 
ztesia pilosa, Pyrus americana, Prunus pennsylvanica, Ribes prostratum 


and Abies fraseri and Picea rubra. The group at 5,000 feet altitude 
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can be distinguished by the presence of Rhododendron punctatum and 
Dendrium prostratum, in addition to Kalmia latifolia, which is usually 
one of the dominants. The lower group of balds also has Kalmia lati- 
folia as one of the dominants, but Rhododendron punctatum and Den- 
drium prostratum are missing. 

There are other characteristics which help to distinguish the various 
aspects of the heath balds, such as degree of raw peat formation, pres- 
ence of Sphagnum, etc., which will be taken up elsewhere. 

The relatively greater importance of certain species in the various 
examples of the heath bald is indicated in the tabulation by the bold- 
face “x.” They may be considered as the ‘“‘dominants,” although the 
conclusion is based in most of the cases upon observation without the 
aid of statistical procedure. Certain of the species deserve special com- 
ment. For example, the presence of Abies and Picea in the heath balds 
is without successional significance in most, if not all cases. Occasional 
seedlings are able to establish and grow for a number of years, in fact, 
sometimes until their tops exceed the height of the shrub vegetation, 
at which time they are very quickly top-killed, if not completely elimi- 
nated. In fact, very few seedlings are able to establish in the heath 
balds in the first place. The random appearance of certain tree species 
at lower elevations might also be misleading, as Robinia pseudo-acacia, 
Oxydendrum arboreum, Pinus pungens, Castanea dentata and Hama- 
melis virginiana. They are of insufficient importance, however, to indi- 
cate the replacement of heath bald associations by trees, except pos- 
sibly in the case of Bullhead bald. At the present it can be said that 

the heath balds, at both low and high altitudes, are probably derived 
from forested types by the elimination of the trees and that they are 
maintaining themselves as treeless areas of the broad-sclerophyll-scrub 
type. In other words, they are post-climax “islands” in the contiguous 
coniferous and broad-leaf formations. This matter is to be considered 


in more detail elsewhere. 
STATISTICAL STUDIES: LIFE-FORM CLASSES 


The use of life-form concepts in plant geography has received a great 
impetus since the introduction of Raunkiaer’s life-form classes and 
biological spectrum. When the flora of a region of sufficient size, or of 

a formation or association, is classified according to Raunkiaer’s stand- 


ard groups and percentages are determined, there results a “spectrum” 
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which can be compared with the normal spectrum, a more or less arbi- 
trary standard. Deviations from the arbitrary “normal” in the major 
groups characterize climatic formations, while minor differences within 
types of vegetation, for example the temperate deciduous forest, are 
also discernable. 

In his 1908 paper (see Smith 18), Raunkiaer used the following 
classes based on the degree of protection afforded the perennating bud: 


I. Phanerophytes (woody plants): (MM) Meso- and Megaphanero- 
phytes (from 8 to 30 meters and over 30 meters in height); (M) 
Microphanerophytes (from 2 to 8 meters in height); (N) Nano- 
phanerophytes (from 25 cm to 2 meters high). 

II. (Ch) Chamephytes (creeping or rosette plants with the peren- 
nating buds on the surface or not more than 25 cm above the soil). 

III. (H) Hemicryptophytes (herbaceous, with dormant buds in the 
surface of the ground). 

IV. Cryptophytes: (G) Geophytes (buds subterranean); (HH) 
Helophytes and Hydrophytes (aquatic species with buds in the 
muck or water). 

V. (Th) Therophytes (annuals: buds in the seed). 

VI. (E) Epiphytes. 

VII. (S) Stem Succulents. 


Raunkiaer’s normal spectrum contains the following percentages for 
each class: 

MM M N Ch H G HH Th E S 
6 17 20 9 27 3 1 13 3 1 

Illustrations of the use of life-form classes could be added but are not 
necessary, since it is quite generally recognized that the type of spec- 
trum of a region is an indication of the climatic conditions. To quote 
from Miss Ennis (6), who has done the best piece of work in America 
along this line: “The life-forms of the plants in the flora of a region 
present a definite response to the climate of that region.” 

The following table and summary (Table III) present the flora of 
the heath balds of the Great Smoky mountains according to their life- 
form classes. The most conspicuous feature is the high percentage of 
_phanerophytes of two classes, namely, nanophanerophytes, 22.2 per 

cent, and microphanerophytes, 48.1 per cent, making a total of 70 per 


cent, as against 37 per cent in the normal spectrum for the same height 
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TABLE III 


LiIFE-FoRM CLASSES OF THE HEATH BALD FLORA 


Life-form Classes 


__, Frora M NChH GTh FLORA MNChHGTh 
terignaciiilina oe key eS xo IN VSSANGVAVelelGal ee eet ee 2B re cepts ss! 
Aspidium spinulosum inter- Clethra acuminata ........... SD Gap Cah ths fos 

EAVEOCRUN Gd le Oa Oe Ae eter 5 ee IMonOttopamunint ora set wre eh 
Dicksonia punctilobula =. 5 =. x... Rhododendron maximum...... 5 eye ae 
Osmunda cinnamomea............ .. .. .. .. xe R. catawbiense ...........0.........-. O36 
Lycopodium complanatum.... . .. ..x .. . Re punctatum Ake ee ee xe 
Pinus pungens Menziesias pilosaa ==) seen xe 
Picea, rubra... Dendrium prostratum ............ .. xe 
BAMCSR AGEL ES ce SU ifyon Pe Kalmia-latifolias 0 2 ne 38 
Trillium undulatum x Leucothoe catesbei ae 
Smilax rotundifolia .... 5 eS Andromeda floribunda 5 ee 
Habenaria ciliaris... ele et sce. Lyonia ligustrina a ene, 
Castanea dentata ........ Cen Sie te 5 Oxydendrum arboreum........... oe 
Magnolia fraseri _........ > et ee ipigeay Tepensss. see ee ee 
Sassafras variifolium_............. Sieg. Bel Gaultheria procumbens......... .. .. 
Saxifraga leucanthemifolia— . ...x .. .. Gay lussacia, Ursina 222-20. *s. Bic 
bess prostrauimy 2s Kiara, Mest: Gaba clata eee. ee etek Sas 
Hamamelis virginiana.......... mk Vaccinium arboreum.... 4. OE Ge 
yas eoiiericana: aoe = po See Vi cory mi bOsuinis = eee ae xe 
een GlATOCAT Daa <c-s4eeecnae ROK, Sele Paw at V. corymbosum pallidum...... 2S 26m 
Amelanchier canadensis.......... Ok ewe V- erythrocarpumy 222225... Ke 
CSE Tey Sees) SST RN ey ae te ee Sm ape Galax taphyliae create oo: eee 
ewbus. CanAdeNSIS. -.25..00-..es as Ox pe ate Gentiana linearis............ 

Prunus pennsylvanica -........... xx: Melampyrum lineare -... b 
Robinia pseudo-acacia............ >, es ee a ty Diervilla sessilifolia -.............. -. xa 
huss copalling ~ 25 5:58) bee ape ee es Viburnum cassinoides ............ oe 
Tlex monticola bs Solidago ‘glomeratas coe ese re 
GGES Sein ay Ca eee ee eee x 
TABULATION 
PER CENT 
Lire-Form C1assEs No. Species Heath Bald Normal Spectrum 
Phanerophytes 

Microphanerophyte (M)...........22.----2--1-0----0000+- 48.1 17 

Nanophanerophyte (N) 22 Oe OMou 

Chamezphyte (Ch) a Bil, 9 

PERG ITITOr VAIO PLY Cea GEL) oe chen o8t a ccacase bacaeseaz-n-esen 14.8 27 

Cryptophyte 

Gre pay tele Ga) ce zecees te eee senna se acaeeey ose eaten ce 9.2 3 

“NECES 0) 9) overs al (0 R91) oe Rea an eee er ecm err oer 1.9 13 

99.9 — 


classes of phanerophytes. Therophytes are conspicuously low in num- 
ber, while the other classes are also low or absent in sufficient extent 
to account for the excess of low-growing phanerophytes. Many of the 
microphanerophytes fall into the nanophanerophyte class, if considered 


only from the lower altitudes. 
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Life-form Classes 


STATISTICAL STUDIES: LEAF-SIZE CLASSES 


As Fuller and Bakke (9) point out, “Ecology is one of the most diffi- 
cult branches of botany when one attempts to measure or estimate with 
exactness the value of a single character and thus determine its sig- 
nificance, not from any specific peculiarity but because it embraces all 
the relations and the difficulties of botany taken as a whole.” Thus 
it must be considered an important advance that plant geographers and 
ecologists have attempted statistical methods of vegetation analysis. In 
a comparison of different types of vegetation, one of the conspicuous 
variables, relatively easy to measure, is leaf size. Raunkiaer has se- 
lected, as a result of considering a large number of species, six leaf-size 
classes, which he maintains are more or less natural. The use of these 
leaf-size classes enables a more accurate description than words alone 
could convey in an analysis of a piece of vegetation. The limits of the 
six Classes are set as follows: 

1. Leptophyll (Le), 25 sq. mm. or less. 2. Nanophyll (Na), 9x25 
sq. mm.—equals 225 sq. mm. 3. Microphyll (Mi), 9°x 25 sq. mm.— 
equals 2,025 sq. mm. 4. Mesophyll (Me), 9°x25 sq. mm.—equals 
18,225 sq. mm. 5. Macrophyll (Ma), 9°x 25 sq. mm.—equals 164,025 
sq. mm. 6. Megaphyll (Mg), larger than macrophyll. 

Scale drawings of these leaf-size classes are to be found in the paper 
by Fuller and Bakke (9) and can be used in determining the proper 
leaf-size class of any species, and is of considerable utility, since the 
above figures, in the abstract, do not convey any idea of the actual size. 

The first step in leaf-size classification involves separation of the 
species on the following bases, after which the percentages of each leaf- 
size class are computed for each group. Group 1—Deciduous: species 
with simple and lobed leaves. Group 2—Deciduous: species with lacer- 
ated and decompound leaves. Group 3—Evergreen species. Group 4— 
Aphyllous species. 

The following table and summary present (Table IV) the data for 
the complete heath bald flora according to the system described. In 
addition those that are woody species are indicated. 

_The table of leaf-size classes is sufficiently clear and detailed to ob- 
viate any lengthy discussion of the factors involved. Eight species are 
ericaceous, falling into the following description, evergreen-broad- 


leaved-microphylis, which includes the dominants of the flora except 
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TABLE IV 


EVERGREEN DECIDUOUS 

_ Broad Simple | Pinnate 
Le Na Mi Me]Le Na Mi Me Ma|Le Na MilWoody 
& és ~ sat i me = = z x a = 


Conif- 
erous 


FLoRA Aphyl- 
lous 


tens maGuilina. ess: 
Aspidium spinulosum in- 
fermedimmes 2 = ens teas Or SOs US, I ae Xe 
a urrmmeentarrigitiiay a ee 
Dammeamiemaromcme re 8 | Og 
Lycopodium complana- 
ATTY ieee ee oe HGS 
Pinus pungens as gr Oe Si Sk Lx A Pe tee tae ees 
Picea rubra... et lad tr ete ne! ae Se 


Habenaria ciliaris... . te es a ae ee Bo oe eee as 
Castanea dentata............ pe eee ae ss Ae bee a  - *  W ME rtaae eK 
Magnolia fraseri......... Fle ck ea Oe SL ay ee 
Sassafras variifolium..... -. a ees a i a EK es «te ibe lk ch ee F SK 
Saxifraga leucanthemi- 

UGE) St Si ore a eee. ale ee ee a) x 

Ribes prostratum.....000. | ct Fee ay a eS 3 
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Pyrus americana... Le ee he Tk Go a ee ne Saree Mais ok Late s SOE cp 
iPS melancéarpaaaas--- 2 I MRE es Boca! on 
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Prunus pennsylvanica.... .. Sy es or Ee oy eh ee 
SPAN SCUCUOACACINEN Re 40 | ew se Sale ei) a Ee ee 
Rhus copallina. s22s22.2:-.4 2 ee =) eed 
ex. monticola....%. 2... =: eee en i, Cee ees te 
PXGEb MUP 2c ok 2 Se ee ee Ce ee ee ee eee Lc 
Nyssa sylvatica ee oe ee me owes 
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Monotropa uniflora _..... 5 
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Katimia “latifolia, 225.2424 7-- he Ate ok a 
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pigs Fepens:..2..-..02.-.: eae Se Ie ke LS | Peay 
R@ariliteriamepLOCUMIDeNS 2. see Wee Ee ec pes am ese eens 
Gaylussacia ursina ........ -- Fo gee aes ae Ae lk eee 
Come ACCAL AE. scau tee ce De eT 0 Meh 
Vaccinium arboreum.... . of SE et ee el es 
Wewcorymbosum:.._....-- =: RR ee ee Sane ee ee 
V. corymbosum palli- 

dum 
Wem eRViNEOCAT DUM re 0 te Se ens es 


~ 
mo Pd OM Oe OO OM Oe oe oO Od 


“ 
tal 


» 
wn 


EVERGREEN DECIDUOUS 


Yoni POE Si | Pinnate 
FLORA ee ek Nara tele Ne Mi Me Male Ne. Milurant 
Galasceaphiyllaieee eae de nD Or mae 2 SS eee 
Gentiana linearis..........- -- Ae hing eB 5) 2 
Wisenndenaaien Wine 2 es cS 5 
Diervilla sessilifolia........ er > Se 
Vibumum. cassingides:.. ™. 6. =. 2 3 ls 6 
Solidago glomerata........ -. Ce erat ee ao ay. BS 
TABLE V 
SUMMARY OF LEAF-S1ZE CLAss DATA 
TOTAL FLORA WOODY FLORA ERICALES 
CLASSIFICATION No. Sp. Per Cent No. Per Cent No. Species Dominants 
LNISRALINOTOIS) eda seco 1 2 mde Ee 1 Boe 
OVBRGRIB IN» eer see eee 14 26 12 30 10 5 
Scale-leaved -........- 1 ae wes rose cae ee 
Needle-leaved ...... 3 23 3 ath .ac eee nae 
Broad-leaved ........ 10 19 9 23 10 5 
Leptophyll -..... 1 ae 1 ee: oS 1 
Nanophyll ...... 6) a ae ae ae 
Microphyll ...... 8 15 if 18 8 3 
Mesophyll ...... 1 gies 1 ae ul a 
DECIDUOUS, wee = ae OO 72 28 70 10 1 
Sian BS. pees 31 Sy 24 60 10 1 
Leptophyll ..... @ =o a = 
Nanophyll ...... 3 pe 2 Le 2 ee 
Microphyll ... 22 41 aly 42 6 it 
Mesophyll ...... 5 _ 4 : 2, 
Macrophyll .... 1 1 
Pinnately com- 
TOWING! cece o 8 15 4 10 : 
Leptophyll ...... gz ee ns ene E 
Nanophyll ...... 3 Ps 1 
Microphyll ... 3 ef 3 we — 3 
Woody species............ 40 74 40 ae 20 . 
[ble baC@ Us) eesence----- 14 26 pee Bee il 


for Vaccinium. Such a physiognomy has been described as “broad- 
sclerophyll scrub” by Cooper (4). This form is fairly common in two 
types of situations: mild temperate districts with winter rain and pro- 
longed summer drought, and cool humid regions. In respect to the 
first type of situation, the regions which possess such a climate and 
support such a vegetation are, according to Schimper (17), the Medi- 
terranean shores, the southwest extremity of Africa, southwestern and 
much of southern Australia, central Chile and California. The second 
type develops in regions of high humidity, where even in summer heavy 
mists arise daily or almost daily. . . . The leaves belong to the laurel- 


form, that is to say, they are undivided, entire and coriaceous. To 
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the latter the heath-scrub communities of the Great Smoky mountains 
must be assigned. : 

Since most of the species characteristic of the heath balds are found 
also in the contiguous forests, it is important to bring out the fact that 
the open nature and exposure of the bald situations result in a con- 
siderable change of leaf-size, when the heath bald is contrasted with 
the spruce-fir forest, for identical species. This is brought out in the 
following table (VI), where the average size, and maximum ranges are 
presented for 100 representative leaves of each of seven species. Half 
of the leaves were taken from bald situations and half from nearby 
plants growing under the protection of the forest. The leaves for 
Rhododendron maximum, Kalmia latifolia and Lyonia ligustrina are 
from the bald on Brushy mountain at approximately 5,000 feet ele- 
vation. The remaining species are from the balds on Mt. LeConte at 
an elevation of about 6,500 feet. In each instance the more mesophytic 
forms are from close by, at somewhat lower elevations. 

In addition to a decrease in the average size of the leaf blades, there 
are other changes of xeromorphic character: (1) leaf margins are 
revolute (sometimes Rhododendron catawbiense leaves are incurled un- 
til their margins meet); (2) leaves are likely to be more hairy or scurfy 
than under the trees; color is darker, and (4) the petioles and branches 
are stouter and shorter. 

The following table gives the data as to dimensions. The average 
length and width of a leaf is frequently about half in the balds of that 
in the forest. In the instance of Rhododendron catawbiense and Men- 
ziesia pilosa, the difference is such as to change the species from one 
leaf-size class to the next one smaller. 


STATISTICAL STUDIES: QUADRAT STUDIES 


Brushy mountain heath bald, 5,000 feet elevation, was selected for 
quadrat studies because of its extensive development and intermediate 
altitudinal position. Kenoyer (11) has made a study of Raunkiaer’s 
so-called “Law of Frequence” on American vegetation and found the 
principle sound. The main differences between Raunkiaer’s and Ken- 
oyer’s ratios of frequency classes seem to be a result of American plant 
associations being generally richer in species. Translating Braun-Blan- 
quet and Pavillard (1) we have the following definition of frequency: 
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TABLE VI 


CoMPARISON OF LEAF SIzES (BLADES) OF SOME Ertcaps GROWN IN 
HeatH BaLtps AND UNDER PROTECTION OF FOREST 


(Each measurement is based on 50 representative leaves.) 


Length in cm. Width in cm. 
NAME oF PLANT Mesophyte Xerophyte Mesophyte Xerophyte 
Woodland Bald Woodland Bald 
Rhododendron maximum 

(Mesophyll) 
Ibargest, dimension.....22-2--2..2-—- 26.4 16.2 8.6 5.4 
Smallest dimension..............------ 15.1 6.8 49 Te 
Average dimension .................... 20-71 11.38 6.69 3.58 


Rhododendron catawbiense 
(Microphyll and Mesophyll) 


Largest dimension..................-.-- 18.5 10.5 dell 4.3 
Smallest dimension..............-..... 8.1 3.6 aii 15 
Average dimension...................- 13.53 6.90 5.90 2.97 
Rhododendron punctatum 
(Microphyll) ; 
Wbargesty cimensiorme.---cece=2 11.2 6.9 3.9 3.3 
Smallest dimension.................... 4.0 2S 12 1.0 
Average dimension...................- 8.21 4.20 2.81 1.80 
Menziesia pilosa 
(Nanophyll and Microphyll) 
Largest dimension...................--- 6.7 Sell 2.8 a) 
Smallest dimension.................... 11S} RZ 0.7 0.6 
Average dimension.................... 4.34 2.03 1.91 1252 
Vaccinium erythrocarpum 
(Microphyll) 
Largest dimension...................--- 7S 6.3 Del ZS 
Smallest sdimension. 2... 1.6 0.8 1.5 0.6 
Average dimension.................... 5.34 4.01 1.86 1.68 
Kalmia latifolia 
(Microphyll) 
Largest dimension..................-.-- 10.5 4.8 4.1 I) 
Smallest dimension................. 2.9 1.6 1.2 0.6 
Average dimension.................... 7.26 3.60 3.03 1.47 
Lyonia ligustrina 
(Microphyll) 
largest= dimension: 22c.2.2..02..-. 6.9 5.7 Sah 3.8 
Smallest dimension..........0......... 3.0 2.8 1.6 1.0 
Average dimension...................- 5.16 4.07 2.85 2:13) 


“Frequency is a statistical expression derived by preparing complete 
floristic lists of a certain number of sample areas (quadrats) of equal 
dimension, disseminated as much as possible throughout the extent of 
the individual example of the association.” The information so derived 
is usually handled as follows: the frequency of a species in an associa- 
tion is the relation expressed in per cent between the number of quad- 
rats ‘which contained it and the total number of quadrats analyzed in 


the particular association. As a matter of convenience, the percentages 
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are usually divided into five classes, as follows: Class A, species with 
1-20 per cent frequence; Class B, species with 21-40 per cent frequence; 
Class C, species with 41-60 per cent frequence; Class D, species with 
61-80 per cent frequence; Class E, species with 81-100 per cent fre- 
quence. 

It will then be found that a certain percentage of the total number 
of species encountered in the association will fall into Class A, Class B, 
etc., with Class A greater than B, B larger than C, C larger than D, but 
with E larger than D, as follows: A> B) C>) D<E. 

Raunkiaer and Kenoyer found numerical values for the classes as 
follows: 


TABLE VII 
Vegetation and : 
oe No. of Percentages , Per eos in ae A s . 
CANE IAC Tae ae a ane European 53 14 9 8 16 
: 8,087 % 
H@eTI OY Clap oer en Se ote ee American 69 12 6 4 9 
1,425 % 


Furthermore, Kenoyer (11) established the valuable fact that twenty- 
five quadrats of sufficient size, widely distributed in an homogeneous 
association, are sufficient for a statistical analysis of frequency. Romell 
(16) emphasizes that “statistics made with different sizes of sample 
areas cannot be compared.” The commonest quadrat sizes are 0.1 m, 
1 m, and 10 m on a side. In studying various associations in the Great 
Smoky mountains, 1-meter quadrats have been used exclusively. The 
results of two series of twenty-five quadrats are expressed in the follow- 
ing tables (VIII and IX). 

The presence of a species in a quadrat is indicated by a number which 
stands for the coverage class of the species, and is termed “dominance” 
by Braun-Blanquet and Pavillard. They say: “Tominance concerns the 
extent, volume and surface, occupied or covered by the individuals of 
each species.” In many-layered groups it must be evaluated separately 
for each stratum. As in the case of frequence, five classes are used in 
expressing degree of dominance. Class 1—1-5 per cent coverage; Class 
2—6-25 per cent coverage; Class 3—26-50 per cent coverage; Class 4— 
51-75 per cent coverage; Class 5—76-100 per cent coverage. 

When several species are present in one quadrat and dominance fig- 


ures (classes) are given each which total more than 5, it is to be under- 
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stood that lower shrubs or herbs, like Dendrium, Galax, Gaultheria, etc., 
are underneath Kalmia, Vaccinium and Rhododendron, and thus have 
overlapping coverage. The twenty-five quadrats analyzed in 1930 in the 
area of the most recent burn (several years ago), indicate a relative 
importance of Gaylussacia baccata and Gaultheria procumbens 92 per 
cent and 96 per cent frequency, which has dropped off in the areas of 
the older burns, where they enjoy frequency of 32 and 40, respectively. 
Kalmia latifolia and Rhododendron catawbiense have about the same 
frequence in both areas. These species are to be considered most im- 
portant in the association on Brushy mountain. 


FACTORS IN INITIATION, MAINTENANCE AND 
DISTRIBUTION OF HEATH BALDS 


Curmatic Factors.—In the absence of quantitative weather data in 
the vicinity of the Great Smoky mountains; one has to depend on frag- 
mentary field data and general observations. In the region of the heath 
balds the climate can be briefly described as “oceanic” despite the in- 
land location. Rainfall and relative humidity are high, while the tem- 
perature tends to be low, but subject to fluctuations. Evaporation, as 
measured by the Livingston atmometers, is generally quite low. 

Rainfall in the higher regions is said to exceed 80 inches a year, a con- 
tention well substantiated by a comparison of the vegetation of the 
Smoky mountains with regions of high rainfall in North Carolina where 
records have been kept: at Mt. Mitchell near Asheville, and in the 
southern Blue Ridge mountains at Highlands, North Carolina. In re- 
spect to the humidity, it is apparent that the development of heath balds 
is closely related to upper altitudes almost constantly enveloped by 
. clouds, especially during summer months. 

Temperatures are generally low and equable (see Table XIII), yet 
90 degrees Fahrenheit was frequently reached in the abnormal summer 
of 1930. The winters may frequently have short periods as cold as 18 
degrees below zero, as in December, 1928. It is in the winter periods, 
with frost, sleet, high winds and sudden and extreme drops in temper- 
ature, that the exposed situations of the heath balds, which are generally 
without the protection of deep snow, present the greatest demands on 
the heath bald species. Otto Stocker (20 and 21), dealing with the prob- 
lem of xeromorphy of heath and bog plants, proposes that they should 


‘ a : 
be considered as ‘‘anemorphs,” since, as he says, “the leaf structure of 
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the Ericacee seems to be an adaptation to the very heavy winter storms 
of heath and bog regions rather than to decreased transpiration.” 

In the summer the climatic conditions in the Great Smoky mountains 
do not seem to be particularly important in the maintenance of the 
heath balds. In this connection, see the following evaporation rates 
from Livingston (12) atmometers for midsummer periods in 1928 and 
1929, Tables X and XI. Station A was located in what seemed to be a 
representative situation in Maintop heath bald, Mt. LeConte. The 
spruce-fir station, C, was in a pole stand north of the spring about one- 
fourth mile distant from A but at almost the same elevation. In this 
sort of place the ericads are relatively unimportant. Station B was con- 
sidered transitional because of the heavy development of ericads under 
the fir. Atmometers were maintained in pairs at all stations and were 
frequently checked for working order, especially as to the Thone rain 
valves, which were, of course, absolutely necessary in such a rainy 
region. The 1928 data represent evaporation rates for a ‘“‘wet” season, 
while the 1929 records are probably more nearly average. Since the 
evaporating power of the air is so very low, we may well be curious as 
to the availability of water to the plant. Stocker (20 and 21), Thatcher 
(22) and others have shown the transpiration rates of heath and moor 
plants place them more nearly with mesophytes than with xerophytes, 
and that the peat substratum cannot be considered “physiologically 
dry.” A recent discussion and summarization of work along this line is 
to be found in Maximov’s (15) recent book on the relation of the plant 


to water. 
TABLE X 


WEEKLY EvaporATION (LivincsToN ATMOMETERS) Mr. LECoNTE, 
ALTITUDE 6,500 FEET 


Date, 1928 Heath Bald Transition Spruce-Fir 
Week Ending A (6; 
39 cc ils, “(ee 
4.5 3 
11 8 
6 2 
25.5 fs 
8 4 
9.5 45 
9.5 4.5 
41.5 ily? 
16.3 cc deosCG 


*Figures given on a seven-day basis. 


TABLE XI 


WEEKLY EVAPORATION (LIVINGSTON ATMOMETERS ) 
Mt. LeConte, 6,600 Ft. Brushy Mt., 5,000 Ft. 


Heath Transi- Spruce- Beech Heath 
Date, 1929 Bald tion Fir Gap Bald 
Week Ending A B ity D E 
SIE) aT ono ee eee ee eee emer at rato 104 cc 30 cc 16 cc 36 cc 95 cc 
SUA fae MO ae Oo a Sa REO Pee Earp ay Feil 18 41 106 
2 ey ee artes te eee earn oe ee 61 18 11 Ya} 65 
COE OME = ta ce ee ee oe eee orca eee 43 15 9 20 52 
CO AY es = ol ae ae a ee ey es 73 29 14 35 87 
OE Ae icc nt esas eens ova ce dane cearens: Soneeareeauesee 93 35 17 38 96 
Average weekly amount.........2..........--- 82 ce 26 cc 14 cc 32 cc 83 cc 


The following study, using Rhododendron catawbiense, reveals a 
more rapid transpiration rate on the part of the more “xeromorphic”’ 
leaves of plants growing in a peat substratum in a heath bald than by 
those growing close by, but under the protection of spruce-fir with 
little or no peat. On Maintop, Mt. LeConte, at an elevation of ap- 
proximately 6,600 feet, two plants of Rhododendron catawbiense were 
selected for transpiration studies by the cobalt chloride method. Liv- 
ingston clips (13) with standard color comparisons were used and the 
length of time required for the change from one color standard to an- 
other, on the part of the cobalt chloride paper, was taken to be an in- 
verse measure of the transpiration rates. 

One plant used in the study was located at the top of the Maintop 
heath bald, while the other was just over the crest not more than fifty 
feet away, but under the protection of the spruce-fir association (here 
mostly Abies fraseri, an endemic). Each leaf studied was about two 
feet above the ground and was the terminal one of the shoot. Each 
shoot bore about ten leaves. The two were as nearly comparable as 
possible. The plant in the bald showed the effect of the association 
and the environment in many respects: it was short (about four feet 
high), compact, with the leaves very much reduced and incurled. 

The readings were made between three and four in the afternoon, 
August 9. The results are indicated in Table XII. The four readings 
for each leaf were made in the same spot, halfway between the midvein 
and the margin, near the middle of the leaf. 

This single set of figures does not warrant any conclusion, yet it is in 
accord with the extensive observations of Thatcher (22) that heath 
plants growing in peat are capable of maintaining a high rate of trans- 


piration when compared with soil and that the so-called xerophytic 
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TABLE XII 


COMPARATIVE TRANSPIRATION RATES OF RHODODENDRON CATAWBIENSE 


STATION Air Temperature Time for Change of Time of 
Near Leat Cobalt Paper Day 
La AI Nara ch omew ng PGGe cee ele ae 23° 2-0 60 seconds 3:00 P.M. 
: 24.5 ¢ 65 seconds SPE, AP Yl 
ZAC 70 seconds oye ly 15 iL. 
OE ie 130 seconds 3:20) P.M: 
PA VOR ACS Gee owen ee Eid A 81 seconds 
EYRUCE =f. weeew ere ater eee Fe. 22) G 240 seconds Sissi) 125 IML 
ZI Sie 225 seconds 3:40 P.M. 
Ze AG 275 seconds 3:45 P.M. 
20.5¢ 320 seconds orm eave 
PANEL AG Cle etree eee See 285 seconds 


leaf structures do not necessarily reduce water loss on a-unit area basis. 
The leaves of Rhododendron catawbiense grown in the heath bald are 
conspicuously smailer, thicker and incurled, i. e., xeromorphic. 

The two studies (Table XIII) on diurnal temperature ranges of soil 
and air in heath bald and spruce-fir show a good contrast in seasons. 
The 1928 season was cool, rainy and more nearly normal than the ex- 
cessively warm and dry 1930 season. Each season is well illustrated 
by the days selected in August. Air temperatures increase and diminish 
more rapidly than soil temperatures and reach a higher maximum, 
except in the case of bare sand soil in the heath bald. The soil tempera- 
tures in all cases were taken by standard Tycos soil thermometers 
inserted in the surface peat (except A2, which was in sand) and un- 
disturbed throughout the day. Air temperatures were derived from 
ordinary thermometers suspended about one foot above the soil. Each 
station was carefully selected so as to be representative of the vegeta- 
tion. Consequently, it is seen that the spruce-fir association is very 
cool in midsummer and almost free from diurnal fluctuations either in 
air or soil temperatures. The conditions in the heath bald are much 
more variable, yet are not extreme, soil temperatures being remarkably 
low where there is a peat layer—and that is characteristic. 


Epapuic Facrors.—Since, with the exception of severe winter 
periods, climatic factors are not directly important in the formation of 
heath balds (note important secondary effects, however), we may well 
turn to a consideration of edaphic factors for further elucidation of the 
heath bald problem. 


Upper south-facing slopes are frequently so consistently occupied 
199 


TABLE XIII 


AIR AND SorIL TEMPERATURES IN HEATH BALD AND SPRUCE-FIR 


Air Temperature Soil Temperature _ 
Heath Transi- Spruce- Heath Bald Transi- Spruce- 
Bald tion Fir Peat Sand tion Fir 
8-7-28 A B Cc Al A2 B Cc 
626 SOA mM sees oe 49 40F 40F 56F 52F S4F 53F 
8- 8:20 De 5/9 5eeo 51 56 59 54 53 
MOBO Sy eres ee 62.5 60 Be 57 71 Oe 53 
IPOS = See 675 62 61 Sel 74 57 54 
aA 5 = 20) ame e ket 69 61 62 59 83 S7 56 
Ala al) Semi Ei oscaez as. a 61 59 Wi 60 74 Si) 55 
STR SS  , tSae ener We 52 Doe 59 62 56 54 
8-9-30 
7:15 A.M 65F 61F 60F 53F 
Chr mee (015, SAecar sane es Yih) 67 61 54 
ORT | p= DEERE ERD ae 75 67 60 54 
ORO 8. >) ae Sees 77 69.5 61.5 54.5 
LOSO 02%. ie. ee 96 19 65 55 
VIREO Ie | Se Sere eee es 93 75 70 55 
SU I 2 5och 20s ee sex 82.5 71 68 55 
RONG =" Selleneaen eae eS 74 66 68 55 
007.) eer ares 69 66 67 55 


by heath balds, as in the tributary region of Roaring Fork, west of 
Brushy mountain, that one expects to find the answer to their dis- 
tribution therein. It is not so simple a matter, however, as increased 
xerophytism of habitat due to southern exposure. The problem is fur- 
ther complicated by balds occurring elsewhere on all exposures, north, 
east and west, as well as south. Neither is the angle of slope a de- 
termining factor. On certain precipitous ridges, as the Chimney Caps, 
one would readily believe that trees can not hold on; and that may 
be partly true, but many slopes far exceeding 45 degrees in steepness 
are heavily forested, as in the Trout Creek and Alumn Cave region, 
while gentler slopes on Brushy mountain are bald. The relation of the 
slope and the heath bald position seems to be one of direction of pre- 
vailing winds. In a broad sense, the prevailing winds are from the 
southwest, but in the mountains they are variously deflected and the 
heath balds seem always to be on the windward side, a position of im- 
portance during the severe winter weather. 

Certain characteristics of the soils of the heath balds, notably hydro- 
gen-ion concentration and attendant factors, as peat formation, are 
considered elsewhere by the writer, Cain (2), but the matter of pod- 
solization of the soil deserves special attention. 


A podsolized soil is one with a gray leached layer in the profile which, 
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strictly speaking, is termed the “podsol,”’ from the Russian “sola,” 
meaning ash. Recently, however, the term has been applied, not only 
to the leached layer, but to the whole soil profile and even to the process 
of development. There are essentially three regions which make up the 
podsol profile: (1) a 1aw humus layer on top, beneath which is, (2) 
the gray leached pddsol region, and underneath this, (3) a brown en- 
riched layer. Podsolization occurs to a certain extent in the soils of 
the hemlock, pine-heath and birch woods, but is especially character- 
istic of the soils of the spruce-fir and the heath bald regions. 

The best development of the podsol type observed by the writer in 
the Great Smoky mountains is on the Brushy mountain heath bald, 
Table XIV. Figure 3 presents a photograph of one typical profile 
from Brushy mountain at an elevation of almost 5,000 feet. In this 
profile we are able to distinguish more than three layers. On the sur- ° 
face is a thin layer of dry peat (A 1) (Table XIV) which has been 
designated as “trochentorf” and has a wide distribution in heath balds 
at lower altitudes and in pine heath. Beneath this is found a consider- 
able quantity of moist brown peat (A 2) in which the vegetative struc- 
ture is well preserved. This layer gradually darkens downward into 
the brownish-black soil humus-layer (A 3). These first three layers 
of the organic horizon are extremely acid and provide the dissolving 
substances so important in the formation of the ash gray leached layer 
(A 4), the “podsol” layer. Beneath the A horizon is the enriched B 
horizon, ochre-yellow to deep brown in color. An unusually compact 
“ortsstein” layer is found at the top of the B horizon (B 1). This 
hardpan is a solidification of substances carried down by the percolation 
of dissolving substances from above and precipitated at the bottom of 
the leached zone (A 4). This particular ortsstein can be lifted out of 
the soil in large layers from 1% to 3% of an inch in thickness, so solid 
that they resemble iron concretions. Beneath the ortsstein is a layer 
(B 2) also enriched but uncemented and effectively cut off from the 
roots of the plants above by the iron pan. Lower down is the C horizon 
of “Muttergestein,” or inorganic parent material. 

The podsol type of soil development is considered in detail by Hans 
Jenny (10), who emphasizes the climatic relationships involved in its 
formation. Christopherson (3), in his studies on soil reaction in Sylene 
National Park, Norway, also arrives at the conclusion that climatic 


factors are of primary importance in podsol development, especially 
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Figure 3. Podsol Profile from Brushy Mountain Heath Bald. The 


_ white line in the photograph is a string placed on the transition 
line from the peat layer to the gray-leached podsol- 
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Trochentorf 


Brown fibrous peat 


Black humus 
transition 


Podsol, gray- 
leached zone 


Orisstein, iron 
hardpan 


Enriched, burnt- 
sienna zone 


Subsoil not shown 


TABLE XIV 


PopsoL PROFILE, BRusHy Mountain Heat Bap 


Horizon Zone Thickness Deen 

ae ssh Onan e Meee AG he bonis: Ole. 1 0.5 cm Trochentorf 
2 8.0 cm Brown fibrous peat 
3 2.0cm Black humus transition 
4 13.0 cm Gray-leached podsol 

kes ieee, eee eed ens Se 1 0.5 cm Ortsstein, iron hardpan 
Z 15.0 cm - Enriched brown Zone 


CR PES 25 CaS Teo hae 80 1 10.0 cm plus Subsoil 


precipitation and temperature. He says: “In a general way, a low 
average temperature with a high average precipitation are favorable 
for podsol development.” Three recent papers on work done in eastern 
United States emphasize the importance of podsolization in silviculture, 
Fisher (7), Lutz (14) and Stickel (19). They confirm the importance 
of abundant rainfall and cool temperatures, especially severe winters, 
but add that podsol soils can also develop in regions with more favor- 
able climate as a result of producing pure stands of timber, especially 
conifers. It is desirable to emphasize the wide development of the 
podsol type in associations dominated by broad-leaved evergreen 
species, as the Ericacee of these balds. The development of the podsol 
and ortsstein layers the writer believes to be particularly important in 
the heath bald associations, since the vegetative habits of the heath 
bald species fit them for existence in the podsolized soil. Their root 
systems are shallow and the plants spread horizontally by rhizomes. 
The result is a dense mat of interlocking roots in the A horizon of the 
soil, with few if any penetrating the ortsstein layer. 


CATASTROPHIC Factors.—There seem to be three catastrophic factors 
influencing the formation and maintenance of heath balds in the Great 
Smoky mountains; they are windfall, landslide and fire. Of these fac- 
tors, fire is by far the most important. 

The effect of repeated fires can be seen on Brushy mountain. The 
last three fires have burned successively smaller areas. Passing into the 
treeless area from Beech Gap, sometimes known as Grassy Gap, the trail 
goes under a thicket of Rhododendrons, Kalmia and other heath bald 
species eight to ten feet high, growing so dense that it is impossible to 
leave what was until recently only a bear trail except by cutting away 


the brush. In the area of the second burn the shrubs are four to five 
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0 merer guadra?, first 
| burn Brushy Mp, shrubs 
18-710 feet high 


Ar Acer rubrum 
G- Galax aphgHla 
Ga Gau/thevia procum- 
bens 
Gr Gay/ussacia bacca- 
Ta 
E Ilex moniicola 
| K- ka/lmia latifolia 
P- Fyrus melanocarpa 
Pi- Picea rubra(tops 
are dead above ~he 
level of the Shrubs) 
RC- Fhododendron Ca- 
fawbhiense 
S- Smilax rotundifolia 
ve Vaccinium corymb- 
OSU" 
Vi- Viburnum Cass! - 
noIDes 
70 meler guadvat, 
Second burn; Shrubs: 
4-5 feet high 
th the third and last 
burn the Shrubs are 
4-3 feet high 


Figure 4. Two Ten-Meter Quadrats from the Oldest Burns on Bushy Mountain. 
For frequency studies of this bald, see Tables VIII and IX. 


feet high, while nearer the center and top of the mountain, in the zone 
of the most recent fire, the shrubs are mainly two to three feet high. 
This change in the vegetation is indicated in the following quadrats, 
Fig, 4. 

Some species, as Kalmia latifolia, Rhododendron catawbiense and 
Vaccinium spp. are particularly resistant to the repeated ravages of fire. 


Numerous sprouts an inch or less in diameter can be seen rising from 
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gnarled balls of root stocks and old stem bases a foot or two in diameter 
which have withstood many fires and the destruction of aerial parts. 
Other species less characteristic of the balds, as Acer rubrum, Prunus 
pennsylvanicum, Betula lenta and B. lutea, frequently make a scattered 
appearance after fires, enjoy a rather enfeebled growth and succumb 
during the next conflagration if not before. The ericads are so resistant 
to fire and sprout back so readily that other species characteristic of the 
contiguous forests have little chance of permanent invasion into bald 
areas subject to repeated fires. 

Many mountaineers and woodsmen familiar with the region, as Mr. 
Andy Gregory, of the Little River Lumber Company, and Mr. Horace 
Kephart, of Bryson City, North Carolina, who are unusually close 
observers, think that fire is a very important if not universal factor in 
the initiation and maintenance of heath balds. Mr. Gregory recently 
told the writer that he has dug through one or two feet of peat in heath 
bald areas. where there is no present indication of there having been a 
fire, but inevitably there is a charcoal layer at the bottom of the peat. 
The writer has had the same experience in many places. In some in- 
stances a black humus layer could be mistaken for charcoal, but even 
in a Betula lenta consociation at about 4,300 feet on the north side of 
Mt. LeConte I have found charred wood beneath a few inches of fibrous 
brown peat. Davis (5), working in the Black mountains of North Caro- 
lina, came to the conclusion that fire is an extremely important factor 
in this connection. 

Despite the frequent importance of fire in eliminating trees from 
potential heath bald areas, it is not an exclusive factor, especially at 
higher altitudes, where landslides and windfalls are important contrib- 
uting factors. Landslides have been conspicuous during the last two 
or three years in the vicinity of Dry Sluice Gap on the state line, on the 
Little Pigeon side of the Sugarland mountain near the Chimneys and on 
the upper Roaring Fork side of Mt. LeConte. It will be instructive to 
observe the return of trees or the establishment of balds in certain parts 
of these areas, as the case may be. Windfalls are numerous in the shal- 
low-rooted spruce forests and especially where the fir, Abies fraseri, is 
dominant at higher elevations. When windfalls occur in locations suit- 
able for the maintenance of heath balds, it is believed by the writer that 
trees do not come back. 

In many situations, as along the divide between Myrtle Point, 
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LeConte and the state line, and in certain places along the trail above 
Alum Cave, Rhododendron catawbiense, R. punctatum, etc., are so well- 
developed that they almost form a continuous cover under the spruce 
and fir. One can easily see that the elimination of trees by windfall or 
landslide would permit the closing in of the Rhododendrons and the es- 
tablishment of heath balds. Soil and air conditions favoring the germina- 
tion and establishment of conifer seedlings would be largely destroyed 
by the elimination of the tree cover, but the heath bald species could 
sprout and vegetate, rapidly forming a closed cover. 

In brief summary of this section, it-seems to the writer that the heath 
balds, from a successional point of view, are definitely postclimax, 
Weaver (24). Heath bald species occur under the protection of the con- 
tiguous forest, and in more favorable locations (that is, more favorable 
for the heath bald species) they are so abundant that it seems clear that 
the elimination of the trees by catastrophic forces would result in estab- 
lishment of balds, which would effectively,-in many instances, prevent 
reinvasion by the forests. 


SUMMARY 


1. The ecology of a type of vegetation in the United States, appar- 
ently peculiar to the Southern Appalachian mountains and especially 
the Great Smoky mountains, is considered from a number of angles. 
These plant communities, here described for the first time, are referred 
to as “heath balds” because of their two most apparent aspects: (a) the 
dominant shrub flora is largely composed of species belonging to the 
heath family, Ericaceez and (b) trees are absent from well-developed 
examples of this association. 

2. The heath balds occur as restricted areas mainly on the windward 
sides of upper slopes and peaks with an altitudinal range of approxi- 
mately 4,000 to 6,500 feet, being more frequent in the subalpine zone. 

3. The heath balds have a fairly constant physiognomy throughout 
this altitudinal range, despite a considerable change in species content, 
and can be described briefly as broad-sclerophyll scrub with a consider- 
able content of evergreen species. These facts are brought out by tables 
of the following data: (a) the relation of the flora of these island-like 
areas to the contiguous forests, (b) the change in species content with 


change in altitude, (c) an analysis of the flora according to Raunkiaer’s 
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life-form classes and (d) leaf-size classes. Further statistical informa- 
tion on frequency and dominance is gained by use of quadrats on Brushy 
mountain. 

4. The problem of the initiation, maintenance and distribution of 
the heath balds is considered on a basis of climatic, edaphic and catas- 
trophic factors. It is concluded that the heath balds are postclimax, and 
consequently are derived from the contiguous forest associations as the 
result of the interaction of a number of factors. The combination and 
intensity of these factors may be various in the production of different 
heath balds by the local deterioration or destruction of the forest. 

5. With cool and humid climatic conditions and evergreen vegetation, 
there is a decided development of edaphic conditions, as high acidity, 
peat formation and podsolization, which progressively favor heath bald 
species. In many places it is apparent that the elimination of the trees 
would permit the undershrubs to develop a closed cover, which they are 
apparently,.quite capable of maintaining, in most instances, against the 
encroachment of trees. - ; 

6. The biological equipment of the ericads is such as to favor them 
in competition with other plants under these rather extreme edaphic and 
climatic conditions, yet it must be understood that their occupancy of 
these areas is due more to their tolerance of the conditions, since their 
vitality is greater under the protection of trees. 


The writer wishes to express gratitude to Professor George D. Fuller, 
of the University of Chicago, for suggesting the possibilities for ecologi- 
cal research in the Great Smoky mountains, and who has constantly 
guided these efforts during the past four years. 
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